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(57) Compounds of general formula (1 ) 



R 1 — X— W — X— Z— Z— R 2 

or salts thereof, exhibiting preventive and therapeutic effects against HIV infectious diseases wherein R 1 is an optionally 
substituted five- or six-membered ring group; X 1 is a free valency or the like; W is a divalent group represented by, e. 
g., general formula (2) 
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(wherein A and B are each an optionally substituted five-to seven-membered ring; E 1 and E 4 are each optionally 
substituted carbon or the like; E 2 and E 3 are each oxygen or the like; and a and b are each a single bond or a double 
bond); X* is a divalent group constituting a straight chain moiety; Z 1 is a divalent cyclic group or the like; 2? is a free 
valency or the like; and R 2 is optionally substituted amino or the like. 
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Description 

Technical Field 

5 [0001] The present invention relates to novel cyclic ring compounds, which possess CCR antagonistic actions, par- 
ticularly a CCR5 antagonistic action, and uses thereof. 

Background Art 

10 [0002] In recent years, inhibitors of HIV (human immunodeficiency virus) protease have been developed as thera- 
peutic agents against AIDS (acquired immunodeficiency syndrome), and the use of these drugs in combination with 
the two HIV reverse transcriptase inhibitors, which have been heretofore employed, have brought a remarkable 
progress in the treatment of AIDS, whereas this progress is not yet sufficient for eradicating AIDS, whereby the devel- 
opment of new anti-AIDS drugs, which act by still another mechanism, has been desired. 

is [0003] CD4 has been known for some time as a receptor through which HIV enters the target cells, while G-protein- 
coupled, seven trans-membrane chemokine receptors called CCR5 and CXCR4 have recently been found out as the 
second group of receptors for macrophage-trophic HIV and T-cell-trophic HIV, respectively, and it is speculated that 
these chemokine receptors play essential roles in the establishment of infection and transmission of HIV. In fact, there 
is a report that people who remained resistant to HIV infection in spite of repeated exposures were found to have 

20 homozygous deletion in CCR5 gene. Therefore, CCR5 antagonists are expected to be new anti-HIV drugs, and ex- 
amples of synthesizing new anilide derivatives possessing the CCR5-antagonistic activity are described in patent ap- 
plications such as PCT/JP98/05708 (WO99/32100), Japanese Patent Application No. 1998-234388 (WO00/10965) 
and Japanese Patent Application No. 1998-363404 (PCT/JP99/07148), whereas there have so far been no report on 
commercialization of CCR5 antagonists as the therapeutic agents against AIDS. 

25 

Disclosure of the Invention 

[0004] The present invention is to provide novel bicyclic ring compounds, which are useful as the prophylactic and 
therapeutic agents against HIV infectious diseases, particularly AIDS, on the basis of CCR antagonistic actions, par- 

30 ticularly a CCR5 antagonistic action. 

[0005] As a result of intensive investigations on compounds possessing a CCR5 antagonistic action, the present 
inventors have found that compounds represented by the following formula (I) or salts thereof (hereinafter, may be 
designated as compounds (I)) possess clinically desirable, medicinal effects such as exhibition of CCR antagonistic 
actions, particularly an excellent CCR5 antagonistic action, and the like, completing the present invention on the basis 

35 of this finding. 

[0006] In other words, the present invention relates to: 

(1) A compound represented by formula (I) 

40 

R 1 — X— W — X— Z— Z— R 2 

45 [wherein R 1 indicates a 5- to 6-membered cyclic ring group that may be substituted, X 1 indicates a bond or a 

bivalent group, in which the number of atoms constituting the straight-chain portion is 1 to 4, W indicates a bivalent 
group that is represented by formula 



50 



55 




3 



EP1 182 195 A1 



10 




or 



15 



20 




25 



30 



(wherein each of ring A and ring B indicates a 5- to 7-membered cyclic ring group that may be substituted, each 
of E 1 and E 4 indicates the carbon atom that may be substituted orthe nitrogen atom that may be substituted', each 
of E 2 and E 3 indicates the carbon atom that may be substituted orthe nitrogen atom that may be substituted, the 
sulfur atom that may be oxidized orthe oxygen atom and each of a and b indicates to be a single bond or a double 
bond), X* indicates a bivalent group, in which the number of atoms constituting the straight-chain portion is 1 to 
4, Z1 indicates a bond or a bivalent cyclic ring group, 2* indicates a bond or a bivalent cyclic ring group, in which 
the number of atoms constituting the straight-chain portion is 1 to 4, and R2 indicates (1) an amino group that may 
be substituted, where the nitrogen atom may be converted into a quaternary ammonium orthe N-oxide, (2) a 
nitrogen-containing, heterocyclic ring group that may be substituted and may contain the sulfur atom orthe oxygen 
atom as a ring-constituting atom, where the nitrogen atom may be converted into a quaternary ammonium or the 
N-oxide, (3) a group that is bonded via the sulfur atom, (4) a group represented by formula 



35 



40 



(0) k 



(wherein k indicates 0 or 1 , the phosphorus atom may form a phosphonium salt when k is 0, and each of R*' and 
R* indicates the hydrocarbon atom that may be substituted, the hydroxyl group that may be substituted or an 
amino group that may be substituted (preferably, the hydrocarbon atom that may be substituted or an amino group 
that may be substituted; more preferably the hydrocarbon atom that may be substituted) and R* and R*' may bind 
each other to form a cyclic ring group together with the adjacent phosphorus atom), (5) an amidino group that may 
be substituted or (6) a guanidino group that may be substituted] [provided that, when a group represented by 
formula R 1 -X 1 -W-X2-Z 1 -^-indicates a group represented by formula 



R 1 — -W : c— NH 
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(wherein R 1 indicates the same meaning as described above, W indicates a bivalent group represented by formula 




(wherein ring A' indicates a 5- to 6-membered aromatic ring that may be substituted, X indicates the carbon atom 
that may be substituted, the nitrogen atom that may be substituted, the sulfur atom or the oxygen atom and ring 
B' indicates a 5- to 7-membered ring that may be substituted) and Z indicates a bivalent group, in which the number 
of atoms constituting the straight-chain portion is 1 to 4, R 2 indicates an amidino group that may be substituted or 
a guanidino group that may be substituted; when a group represented by formula R 1 -X 1 -W-X 2 -Z 1 -Z 2 - indicates a 
group represented by formula 




(wherein R 1 and X 1 indicate the same meanings as described above, ring A" indicates a benzene ring that may 
be substituted, Q 1 indicates a bivalent group, in which ring B" forms a 5- to 7-membered ring, Q 2 indicates the 
hydrogen atom, a hydrocarbon group that may be substituted, a heterocyclic ring group that may be substituted 
and Q 3 indicates a bond or a bivalent group), R 2 does not indicate a group represented by formula 




(wherein each of R 5 ' and R 6 ' indicates the hydroxyl group that may be substituted and R 5 " and R 6 ' may bind each 
other to form a cyclic ring group together with the adjacent phosphorus atom)], or salts thereof; 

(2) A prodrug of the compound or the salt thereof as described in the above-mentioned item (1); 

(3) The compound as described in the above-mentioned item (1), wherein R 1 is a group that is formed by removing 
one hydrogen atom from benzene, furan, thiophene, pyridine, cyclopentane, cyciohexane, pyrrolidine, piperidine, 
piperazine, morpholine, thiomorpholine or tetrahydrofuran, each of which may be substituted; 

(4) The compound as described in the above-mentioned item (1), wherein X 1 is a phenyl that may be substituted; 

(5) The compound as described in the above-mentioned item (1), wherein R 1 is a bond, -(CH 2 ) a «- [a 1 indicates an 
integer of 1 to 4], -(CH^.-X 3 - [b* indicates an integer of 0 to 3 and X 3 indicates an imino group that may be 
substituted, the carbonyl group, the oxygen atom or the sulfur atom that may be oxidized], -CH=CH-, -C=C-, 
-CO-NH- or -S0 2 -NH-; 

(6) The compound as described in the above-mentioned item (1), wherein X 1 is a bond; 

(7) The compound as described in the above-mentioned item (1 ), wherein X 1 is -(CH 2 ) b ,-X 3 - [b' indicates an integer 
of 0 to 3, and X 3 indicates an imino group that may be substituted, the carbonyl group, the oxygen atom or the 
sulfur atom that may be oxidized]; 

(8) The compound as described in the above-mentioned item (1), wherein ring A is furan, thiophene, pyrrole, 
pyridine, pyran or benzene, each of which may be substituted; 

(9) The compound as described in the above-mentioned item (1), wherein ring A is a benzene that may be sub- 
stituted; 
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(10) The compound as described in the above-mentioned item (1), wherein ring B is a 5- to 7-membered ring that 
may be substituted at a substitutable optional position, which is represented by formula 




[wherein E 3 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, E 4 
indicates the carbon atom that may be substituted or the nitrogen atom, b indicates a single bond or a double bond 
and Y indicates -r-(CH 2 ) n ,- (Y indicates -S(0) m - (m indicates an integer of 0 to 2), -O-, -NH- or -CHU-, and m' 
indicates an integer of 0 to 2), -CH=, -CH=CH- or -N=CH-]; 

(11) The compound as described in the above-mentioned item (10), wherein Y indicates -V-fCHaW [Y' indicates 
"S(0) m - (m indicates an integer of 0 to 2), -O-, -NH- or -CH 2 -]; 

(12) The compound as described in the above-mentioned item (1 ), wherein E 3 indicates the carbon atom that may 
be substituted, E 4 indicates the carbon atom that may be substituted and b indicates a double bond; 

(13) The compound as described in the above-mentioned item (1), wherein X 2 is -(CH 2 ) a . [a' indicates an integer 
of 1 to 4], -(CH 2 ) b ,-X 3 - [b 1 indicates an integer of 0 to 3, and X 3 indicates an imino group that may be substituted, 
the carbonyl group, the oxygen atom or the sulfur atom that may be oxidized], -CH=CH-, -C-C- -CO-NH- or 
-S0 2 -NH-; 

(14) The compound as described in the above-mentioned item (1), wherein X 2 is -CO-NH-; 

(15) The compound as described in the above-mentioned item (1), wherein Z 1 is (1) a bond or (2) a bivalent cyclic 
ring group that is formed by removing two hydrogen atoms from benzene, furan, thiophene, pyridine, cyciopentane, 
cyclohexane, pyrrolidine, piperidine, piperazine, morpholine, thiomorpholine or tetrahydropyran, each of which 
may be substituted; 

(1 6) The compound as described in the above-mentioned item (1), wherein Z 1 is (1 ) a bond or (2) a bivalent cyclic 
ring group that is formed by removing two hydrogen atoms from benzene, cyclohexane orpiperidine, each of which 
may be substituted; 

(1 7) The compound as described in the above-mentioned item (1 ), wherein Z 1 is a phenylene that may be substi- 
tuted; 

(18) The compound as described in the above-mentioned item (1), wherein Z 2 is a bond oraC n alkylene that 
may be substituted; 

(1 9) The compound as described in the above-mentioned item (1 ), wherein Z 2 is a bivalent group that has a skeleton 
represented by -Z-(CH 2 )n- [Z 1 indicates-CH(OH)-, -C(O)- or -CH 2 -, and n indicates an integer of 0 to 2] and may 
have a substituent at an optional methylene group; 

(20) The compound as described in the above-mentioned item (1), wherein Z 2 is a bond or a methylene; 

(21 ) The compound as described in the above-mentioned item (1), wherein Z 1 is a 6-membered, bicyclic ring group 
and Z 2 is substituted at the para position of X 2 ; 

(22) The compound as described in the above-mentioned item (1), wherein R 2 is (1) an amino group that may be 
substituted, where the nitrogen atom may be converted into a quaternary ammonium or the N-oxide, (2) a nitrogen- 
containing, heterocyclic ring group that may be substituted and may contain the sulfur atom or the oxygen atom 
as a ring-constituting atom, where the nitrogen atom may be converted into a quaternary ammonium or the N- 
oxide, (3) an amidino group that may be substituted or (4) a guanidino group that may be substituted; 

(23) The compound as described in the above-mentioned item (1), wherein R 2 is an amino group that mav be 
substituted; 7 

(24) The compound as described in the above-mentioned item (1), wherein R 2 is an amidino group that may be 
substituted or a guanidino group that may be substituted; 

(25) N -[4-[N-methyl-N-(tetrahydro 

2,3-dihydro-1-benzothiepine-4-carboxamide, N-[4-rN-methyl-N-(tetrahydropyran-4-yi)aminomethyl]phenyl]- 
7-[(3-propoxybenzyl)oxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide, N-[4-[N-methyl-N-(tetrahydro- 
pyran-4-yl)aminomethyi]phenyiJ-7-[(2-propoxybenzyl)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxam- 
ide, N -[4-[N-methyl-N-(tetrahydro^^ 
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2,3-dihydro-1-benzothiepine-4-carboxamide, N^4-[N-methyl-N-(tetrahydropyran^-yt)aminomethyl]phenylJ- 
7-[(4-propoxyethoxyphenyl)methoxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide, N-[4-[N-me- 
thyl-N-(tetrahydropynwi-4-yl)ami^^ 
zothiepine-4-carboxamide, or salts thereof; 
5 (26) A prodrug of the compound or salt thereof as described in the above-mentioned item (25); 

(27) A pharmaceutical composition comprising the compounds or salt thereof as described in the above-mentioned 
item (1); 

(28) A pharmaceutical composition for CCR antagonisms (preferably, a CCR5 antagonism) which comprises a 
compound represented by formula 

10 

R 1 — X— W — X— Z— Z— R 2 

15 

[wherein R 1 indicates a 5- to 6-membered cyclic ring group that may be substituted, X 1 indicates a bond or a 
bivalent group, in which the number of atoms constituting the straight-chain portion is 1 to 4, W indicates a bivalent 
group that is represented by formula 

20 



25 



30 



35 



45 




50 

(wherein each of ring A and ring B indicates a 5- to 7-membered cyclic ring group that may be substituted, each 
of E, and E 4 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, each 
of E 2 and E 3 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, the 
sulfur atom that may be oxidized or the oxygen atom and each of a and b indicates to be a single bond or a double 
55 bond), X 2 indicates a bivalent group, in which the number of atoms constituting the straight-chain portion is 1 to 

4, Z 1 indicates a bond or a bivalent cyclic ring group, Z 2 indicates a bond or a bivalent cyclic ring group, in which 
the number of atoms constituting the straight-chain portion is 1 to 4, and R 2 indicates (1) an amino group that may 
be substituted, where the nitrogen atom may be converted into a quaternary ammonium or the N-oxide, (2) a 
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nitrogen-containing, heterocyclic ring group that may be substituted and may contain the sulfur atom or the oxygen 
atom as a ring^jonstituting atom, where the nitrogen atom may be converted into a quaternary ammonium or the 
N-oxide, (3) a group that bonded via the sulfur atom, (4) a group represented by formula 



10 



(0), 



15 



20 



(wherein k indicates 0 or 1 , the phosphorus atom may form a phosphonium salt when k is 0, and each of R 5 ' and 
R 6 ' indicates the hydrocarbon atom that may be substituted, the hydroxy! group that may be substituted or an 
amino group that may be substituted and R5* and RS" may bind each other to form a cyclic ring group together with 
the adjacent phosphorus atom), (5) an amidino group that may be substituted or (6) a guanidino group that may 
be substituted] [provided that, when a group represented by formula R^-W-XS-Zi-Z 2 - indicates a group repre- 
sented by formula 



25 




30 



(wherein R 1 indicates the same meaning as described above, W indicates a bivalent group represented by formula 



35 




or 




40 



45 



50 



55 



(wherein ring A' indicates a 5- to 6-membered aromatic ring that may be substituted, X indicates the carbon atom 
that may be substituted, the nitrogen atom that may be substituted, the sulfur atom or the oxygen atom and ring 
B' indicates a 5- to 7-membered ring that may be substituted) and Z indicates a bivalent group, in which the number 
of atoms constituting the straight-chain portion is 1 to 4), R* indicates an amidino group that may be substituted 
or a guanidino group that may be substituted], or salts thereof; 

(29) The composition as described in the above-mentioned item (28) which is a prophylactic/therapeutic agent of 
HIV infectious diseases; 

(30) The composition as described in the above-mentioned item (28) which is a prophylactic/therapeutic agent of 
AIDS; 

(31 ) The composition as described in the above-mentioned item (28) which is a depressant against the pathologic 
progress of AIDS; 

(32) The composition as described in the above-mentioned item (29) which is in combination with a protease 
inhibitor and/or a reverse transcriptase inhibitor; 

(33) The composition as described in the above-mentioned item (32), wherein the reverse transcriptase inhibitor 
is zidovudine, didanosine, zalcitabine, lamivudine, stavudine, nevirapine, delavirdine, efavirenz or abacavir; 

(34) The composition as described in the above-mentioned item (32), wherein the protease inhibitor is saquinavir, 
ritonavir, indinavir, amprenavir or nelfinavir; 

(35) Use of a compound represented by formula 
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R 1 — X— V — X— Z— Z— R 2 

5 

[wherein R 1 indicates a 5- to 6-membered cyclic ring group that may be substituted, X 1 indicates a bond or a 
bivalent group, in which the number of atoms constituting the straight-chain portion is 1 to 4, W indicates a bivalent 
group that is represented by formula 

10 



15 



20 



25 



35 



40 




(wherein each of ring A and ring B indicates a 5- to 7-membered cyclic ring group that may be substituted, each 
of and E 4 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, each 

45 of E 1 and E 3 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, the 

sulfur atom that may be oxidized or the oxygen atom and each of a and b indicates to be a single bond or a double 
bond), X 2 indicates a bivalent group, in which the number of atoms constituting the straight-chain portion is 1 to 
4, Z 1 indicates a bond or a bivalent cyclic ring group, Z 2 indicates a bond or a bivalent cyclic ring group, in which 
the number of atoms constituting the straight-chain portion is 1 to 4, and R 2 indicates (1) an amino group that may 

so be substituted, where the nitrogen atom may be converted into a quaternary ammonium or the N-oxide, (2) a 

nitrogen-containing, heterocyclic ring group that may be substituted and may contain the sulfur atom or the oxygen 
atom as a ring-constituting atom, where the nitrogen atom may be converted into a quaternary ammonium or the 
N-oxide, (3) a group that bonded via the sulfur atom, (4) a group represented by formula 

55 
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10 



(0) 



V 

k 



(wherein k indicates 0 or 1 , the phosphorus atom may form a phosphonium salt when k is 0, and each of R5' and 
R6 indicates the hydrocarbon atom that may be substituted, the hydroxyl group that may be substituted or an 
amino group that may be substituted and and may bind each other to form a cyclic ring group together with 
the adjacent phosphorus atom), (5) an amidino group that may be substituted or (6) a guanidino group that may 
be substituted] [provided that, when a group represented by formula R1-X1-W-X*-Z 1 -Z2- indicates a qroup repre- 
ss sented by formula K 



20 



25 




(wherein R ' indicates the same meaning as described above, W indicates a bivalent group represented by formula 



30 



35 



40 



45 



50 



55 




or 



(wherein ring A' indicates a 5- to 6-membered aromatic ring that may be substituted, X indicates the carbon atom 
that may be substituted, the nitrogen atom that may be substituted, the sulfur atom or the oxygen atom and ring 
B' indicates a 5- to 7-membered ring that may be substituted) and Z indicates a bivalent group, in which the number 
of atoms constituting the straight-chain portion is 1 to 4), R2 indicates an amidino group that may be substituted 
or a guanidino group that may be substituted], or salts thereof, together with a protease inhibitor and/or a reverse 
transcnptase inhibitor for preventing and/or treating HIV infectious diseases; 

(36) A method for antagonizing CCR (preferably, a method for antagonizing CCR5) , which comprises administrating 
an effective dose of the compound or a salt thereof as described in the above-mentioned item (28) to the mammals; 

(37) Use of the compound or a salt thereof as described in the above-mentioned item (28) for manufacturing a 
medicine for the CCR antagonism (preferably, the CCR5 antagonism); and the like. 

[0007] "A 5- to 6-membered cyclic ring" of "a 5- to 6-membered cyclic ring group that may be substituted", which is 
indicated by R1 in the above-mentioned formula (I), is exemplified by a group that is formed by removing one hydrogen 
atom from a 6-membered aromatic hydrocarbon such as benzene or the like, a 5- to 6-membered aliphatic hydrocarbon 
such as cyciopentane, cyclohexane, cyclopentene, cyclohexene, cyclopentadiene, cyclohexadiene or the like a 5- to 
6-membered, aromatic heterocyclic ring, which contains 1 to 4 heteroatoms of 1 to 2 kinds selected from the nitrogen 
atom, the sulfur atom and the oxygen atom, such as f uran, thiophene, pyrrole, imidazole, pyrazole, thiazole oxazole 
isothiazole, isoxazote, tetrazole, pyridine, pyrazine, pyrimidine, pyridazine, triazole or the like, a 5- to 6-membered' 
non-aromatic heterocyclic ring, which contains 1 to 4 heteroatoms of 1 to 2 kinds selected from the nitrogen atom the 
sulfur atom and the oxygen atom, such as tetrahydrofuran, tetrahydrothiophene, dithiolan, oxathiolan, pyrrolidine pyr- 
rol.ne, imidazolidine, imidazoline, pyrazolidine, pyrazoiine, piperidine, piperazine, oxazine, oxadiazine, thiazine thia- 
diazme, morpholine, thiomorpholine, pyran, tetrahydropyran, tetrahydrothiopyran or the like, or the like, where as for 
"a 5- to 6-membered cyclic ring" is preferably benzene, furan, thiophene, pyridine, cyciopentane, cyclohexane pyrro- 
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lidine, piperidine, pipera2ine, morpholine, thiomorpholine, tetrahydropyran (preferably, a 6-membered cyclic ring) or 
the like, particularly benzene. 

[0008] Examples of "a substituent" that may be possessed by "a 5- to 6-membered cyclic ring" of n a 5- to 6-membered 
cyclic ring group that may be substituted", which is indicated by R 1 in the above-mentioned formula (I), to be used 
include a halogen atom, nitro, cyano, an alkyl that may be substituted, a cycloalkyl that may be substituted, the hydroxy! 
group that may be substituted, the thiol group that may be substituted (the sulfur atom may be oxidized to form a sulfinyl 
group that may be substituted or a suifonyl group that may be substituted), an amino group that may be substituted, 
an acyl that may be substituted, the carboxyl group that may be substituted, an aromatic group that may be substituted 
and the like. 

[0009] A halogen as a substituent of R 1 is exemplified by fluorine, chlorine, bromine, iodine or the like, where fluorine 
and chlorine are particularly preferable. 

[001 0] An alkyl for an alkyl that may be substituted as a substituent of R 1 is exemplified by a straight-chain or branched 
alkyl having a carbon number of 1 to 10, for example, a C^q alkyl such as methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl or the like, preferably a 
lower (C^ alkyl. A substituent in said alkyl that may be substituted is exemplified by a halogen (for example, fluorine, 
chlorine, bromine, iodine or the like), nitro, cyano, the hydroxyl group, the thiol group that may be substituted (for 
example, thiol, a alkylthio or the like), an amino group that may be substituted (for example, amino, a mono-C^ 
alkylamino, a di-C^ alkylamino, a 5- to 6-membered cyclic ring amino such as tetrahydropyrrole, piperazine, piperidine, 
morpholine, thiomorpholine, pyrrole, imidazole or the like, or the like), the carboxyl group that may be esterified or 
amidated (for example, carboxyl, a aikoxycarbonyl, carbamoyl, a mono-C^ alkyicarbamoyl, a di-C^ alkylcar- 
bamoy! or the like), a alkoxyl that may be halogenated (for example, methoxy, ethoxy, propoxy, butoxy, trifluor- 
omethoxy, trifluoroethoxy or the like), a O,^ alkoxy-C^ alkoxyl that may be halogenated (for example, methoxymeth- 
oxy, methoxyethoxy, ethoxyethoxy, trifluoromethoxyethoxy, trifluoroethoxyethoxy or the like), formyl, a C 2 ^ alkanoyl 
(for example, acetyl, propionyl or the like), a C 1>4 alkylsulfonyl (for example, methanesulfonyl, ethanesulfonyl or the 
like) or the like, where the number of the substituents is preferably 1 to 3. 

[001 1] A cycloalkyl for a cycloalkyl that may be substituted as a substituent of R 1 is exemplified by, for example, a 
C3.7 cycloalkyl such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or the like. A substituent in said 
cycloalkyl that may be substituted is exemplified by a halogen (for example, fluorine, chlorine, bromine, iodine or the 
like), nitro, cyano, the hydroxyl group, the thiol group that may be substituted (for example, thiol, a alkylthio or the 
like), an amino group that may be substituted (for example, amino, a mono-C^ alkylamino, a di-C^ alkylamino, a 5- 
to 6-membered cyclic ring amino such as tetrahydropyrrole, piperazine, piperidine, morpholine, thiomorpholine, pyrrole, 
imidazole or the like, or the like), the carboxyl group that may be esterified or amidated (for example, carboxyl, a 
aikoxycarbonyl, carbamoyl, a mono-C^ alkyicarbamoyl, a di-C^ alkyicarbamoyl or the like), a alkoxyl that may 
be halogenated (for example, methoxy, ethoxy, propoxy, butoxy, trifluoromethoxy, trifluoroethoxy or the like), a 
alkoxy-C^ alkoxyl that may be halogenated (for example, methoxymethoxy, methoxyethoxy, ethoxyethoxy, trifluor- 
. omethoxyethoxy, trifluoroethoxyethoxy or the like), formyl, a C 2 ^ alkanoyl (for example, acetyl, propionyl or the like), 
a alkylsulfonyl (for example, methanesulfonyl, ethanesulfonyl or the like) or the like, where the number of the 
substituents is preferably 1 to 3. 

[0012] A substituent for the hydroxyl group that may be substituted as a substituent of R 1 is exemplified by a sub- 
stituent such as (1) an alkyl that may be substituted (for example, a C V10 alkyl such as methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl or the like, preferably 
a lower (C^) alkyl, or the like is exemplified) ; 

(2) a cycloalkyl that may be substituted and may contain heteroatoms (for example, a 03.7 cycloalkyl such as cyclo- 
propyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or the like; a saturated, 5- to 6-membered heterocyclic ring 
group containing 1 to 2 heteroatoms such as tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrazolidinyl, piperidyl, 
piperazinyl, morpholinyl, thiomorpholinyl, tetrahydropyranyl, tetrahydrothiopyranyl or the like (preferably, tetrahydro- 
pyranyl or the like); or the like is exemplified); 

(3) an alkenyl that may be substituted (for example, an alkenyl that has the carbon number of 2 to 1 0 such as allyl, 
crotyl, 2-pentenyl, 3-hexenyl or the like, preferably a lower (C^) alkenyl, or the like is exemplified); 

(4) a cycloalkenyl that may be substituted (for example, an cycloalkenyl that has the carbon number of 3 to 7 such as 
2-cyclopentenyl, 2-cyclohexenyl 2-cyclopentenylmethyl, 2-cyclohexenylmethyl or the like, or the like is exemplified) ; 

(5) an aralkyl that may be substituted (for example, a phenyl-C^ alkyl (for example, benzyl, phenethyl or the like) or 
the like is exemplified); 

(6) formyl or an acyl that may be substituted (for example, an alkanoyl that has the carbon number of 2 to 4 (for example, 
acetyl, propionyl, butyryl, isobutyryl or the like), an alkylsulfonyl that has the carbon number of 1 to 4 (for example, 
methanesulfonyl, ethanesulfonyl or the like) or the like is exemplified); and 

(7) an aryl that may be substituted (for example, phenyl, naphthyl or the like is exemplified), where examples of the 
substituents that may be possessed by (1) an alkyl that may be substituted, (2) a cycloalkyl that may be substituted, 
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(3) an alkenyl that may be substituted, (4) a cycloalkenyl that may be substituted, (5) an aralkyl that may be substituted 
(6) an acyl that may be substituted and (7) an aryl that may be substituted, which are described above include a 
halogen (for example, fluorine, chlorine, bromine, iodine or the like); nitro, cyano, the hydroxyl group, the thiol group 
that may be substituted (for example, thiol, a alkyfthio or the like), an amino group that may be substituted (for 
example, amino, a mono-C^ alkylamino, a di-C^ alkylamino, a 5- to 6-membered cyclic ring amino such as tetrahy- 
dropyrrole, piperazine, piperidine, morpholine, thiomorpholine, pyrrole, imidazole or the like, or the like), the carboxyl 
group that may be esterified or amidated (for example, carboxyl, a C M alkoxycarbonyl, carbamoyl, a mono-C M alkyl- 
carbamoyl, a di-C^ alkyicarbamoyl or the like), a alkyl that may be halogenated (for example, trifluoromethyl 
methyl, ethyl or the like), a alkoxyl that may be halogenated (for example, methoxy, ethoxy, propoxy butoxy' 
trifluoromethoxy, trifluoroethoxy or the like; preferably, a alkoxyl that may be halogenated), formyl, a alkanoyl 
(for example, acetyl, propionyl or the like), a alkylsulfonyl (for example, methanes ulfonyl, ethanesulfonyl or the 
like), a 5- to 6-membered, aromatic heterocyclic ring that may be substituted [for example, an aromatic heterocyclic 
ring, which contains 1 to 4 heteroatoms of 1 to 2 kinds selected from the nitrogen atom, the sulfur atom and the oxygen 
atom, such as furan, thiophene, pyrrole, imidazole, pyrazole, thiazole, oxazole, isothiazole, isoxazole, tetrazole pyri- 
dine, pyrazine, pyrimidine, pyridazine, triazole or the like; the substituent that may be possessed by said heteroaromatic 
nng is exemplified by a halogen (for example, fluorine, chlorine, bromine, iodine or the like), nitro, cyano, the hydroxyl 
group, the thiol group, an amino group, the carboxyl group, a C M alkyl that may be halogenated (for example, trifluor- 
omethyl, methyl, ethyl or the like), a C M alkoxyl that may be halogenated (for example, methoxy, ethoxy, propoxy 
butoxy, trifluoromethoxy, trifluoroethoxy or the like), formyl, a C 2 . 4 alkanoyl (for example, acetyl, propionyl or the like)' 
a C w alkylsulfonyl (for example, methanesulfonyl, ethanesulfonyl or the like), where the number of the substituents' 
is preferably 1 to 3.], or the like, where the number of the substituents is preferably 1 to 3. 

[001 3] A substituent for the thiol group that may be substituted as a substituent of R1 is exemplified by a substituent 
similarto "a substituent for the hydroxyl group that may be substituted as a substituent of R1 among which preferable is 

(1) an alkyl that may be substituted (for example, a C^q alkyl such as methyl, ethyl, propyl, isopropyl butyl 
isooutyi, sec-butyi, tert-butyi, peniyi, isopentyi, neopentyi, hexyi, heptyj, octyl, nonyi, decyi or the like, preferably* 
a lower (C,_ 6 ) alkyl, or the like is exemplified); 

(2) a cycloalkyl that may be substituted and may contain heteroatoms (for example, a C 3 7 cycloalkyl such as 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or the like is exemplified); 

(3) an aralkyl that may be substituted (for example, a phenyl-C^ alkyl (for example, benzyl, phenethyl or the like) 
or the like is exemplified); and 

(4) an aryl that may be substituted (for example, phenyl, naphthyl or the like is exemplified), 

where examples of the substituents that may be possessed by (1) an alkyl that may be substituted, (2) a cycloalkyl 
that may be substituted, (3) an aralkyl that may be substituted and (4) an aryl that may be substituted which are 
described above, include a halogen (for example, fluorine, chlorine, bromine, iodine or the like), nitro, cyano the hy- 
droxyl group, the thiol group that may be substituted (for example, thiol, a alkylthio or the like), an amino group 
that may be substituted (for example, amino, a mono-C^ alkylamino, a di-C^ alkylamino, a 5- to 6-membered cyclic 
nng amino such as tetrahydropyrrole, piperazine, piperidine, morpholine, thiomorpholine, pyrrole, imidazole or the like 
or the like), the carboxyl group that may be esterified or amidated (for example, carboxyl, a alkoxycarbonyl car- 
bamoyl, a mono-C^ alkyicarbamoyl, a di-C^ alkyicarbamoyl or the like), a alkoxyl that may be halogenated (for 
example, methoxy, ethoxy, propoxy, butoxy, trifluoromethoxy, trifluoroethoxy or the like), aC^alkoxy-C^ alkoxyl that 
may be halogenated (for example, methoxymethoxy, methoxyethoxy, ethoxyethoxy, trifluoromethoxyethoxy trifluor- 
oethoxyethoxy or the like), formyl, a C 2 ^ alkanoyl (for example, acetyl, propionyl or the like), a alkylsulfonyl (for 
example, methanesulfonyl, ethanesulfonyl or the like), where the number of the substituents is preferably 1 to 3 
[0014] A substituent for an amino group that may be substituted as a substituent of R1 is exemplified by an amino 
group that may have 1 to 2 substituents similar to "a substituent for the hydroxyl group that may be substituted as a 
substituent of Ri", among which preferable is (1 ) an alkyl that may be substituted (for example, a C, 10 alkyl such as 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyi, neopentyi, hexyl, heptyl octyl 
nonyl, decyl or the like, preferably a lower (C^) alkyl, or the like is exemplified); 

(2) a cycloalkyl that may be substituted and may contain heteroatoms (for example, a cycloalkyl such as cyclo- 
propyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or the like); 

(3) an alkenyl that may be substituted (for example, an alkenyl that has the carbon number of 2 to 10 such as allyl 
crotyl, 2-pentenyl, 3-hexenyl or the like, preferably a lower (C 2 . 6 ) alkenyl, or the like is exemplified); 

(4) a cycloalkenyl that may be substituted (for example, an cycloalkenyl that has the carbon number of 3 to 7 such as 
2-cyclopentenyl, 2-cyclohexenyl 2-cyclopentenylmethyl, 2-cyclohexenylmethyl or the like, or the like is exemplified) ■ 

(5) formyl, or an acyl that may be substituted (for example, an alkanoyl that has the carbon number of 2 to 4 (for 
example, acetyl, propionyl, butyryl, isobutyryl or the like), an alkylsulfonyl that has the carbon number of 1 to 4 (for 
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example, methanesulfonyl, ethanesulfonyl or the like) or the like is exemplified); and 

(6) an aryl that may be substituted (for example, phenyl, naphthyl or the like is exemplified), 

where examples of the substituents that may be possessed by (1) an aikyl that may be substituted, (2) a cycloalkyl 
that may be substituted, (3) an alkenyl that may be substituted, (4) a cycloalkenyl that may be substituted, (5) an acyl 
that may be substituted and (6) an aryl that may be substituted, which are described above, include a halogen (for 
example, fluorine, chlorine, bromine, iodine or the like), nitro, cyano, the hydroxyl group, the thiol group that may be 
substituted (for example, thiol, aC H alkytthio or the like), an amino group that may be substituted (for example, amino, 
a mono-0^4 alkylamino, a di-C^ alkylamino, a 5- to 6-membered cyclic ring amino such as tetrahydropyrrole, piper- 
azine, piperidine, morpholine, thiomorpholine, pyrrole, imidazole or the like, or the like), the carboxyi group that may 
be esterified or amidated (for example, carboxyi, a alkoxycarbonyl, carbamoyl, a mono-C 1-4 . alkyicarbamoyl, a 
di-C^ alkyicarbamoyl or the like), a alkoxyl that may be halogenated (for example, methoxy, ethoxy, propoxy, 
butoxy, trifluoromethoxy, trifluoroethoxy or the like), formyl, a C 2 ^ alkanoyl (for example, acetyl, propionyl or the like), 
a C 1-4 . alkylsurfonyt (for example, methanesulfonyl, ethanesulfonyl or the like), where the number of the substituents 
is preferably 1 to 3. 

[001 5] Also, as for the substituents for an amino group that may be substituted as a substituent of R 1 , the substituents 
for the amino group may bind together to form a cyclic ring amino group (for example, a cyclic ring amino group that 
is formed by removing one hydrogen from the nitrogen atom constituting the ring of a 5- to 6-membered cyclic ring 
such as tetrahydropyrrole, piperazine, piperidine, morpholine, thiomorpholine, pyrrole, imidazole or the like, and has 
a bond on the nitrogen atom). Said cyclic ring amino group may have substituents, and such substituents are exem- 
plified by a halogen (for example, fluorine, chlorine, bromine, iodine or the like), nitro, cyano, the hydroxyl group, the 
thiol group that may be substituted (for example, thiol, a alkytthio orthe like), an amino group that may be substituted 
(for example, amino, a mono-C 1-4 alkylamino, a di-C^ alkylamino, a 5- to 6-membered cyclic ring amino such as 
tetrahydropyrrole, piperazine, piperidine, morpholine, thiomorpholine, pyrrole, imidazole or the like, or the like), the 
carboxyi group that may be esterified or amidated (for example, carboxyi, a C 1-4 alkoxycarbonyl, carbamoyl, a mo- 
no-C^ alkyicarbamoyl, a di-C.,.4 alkyicarbamoyl or the like), a alkoxyl that may be halogenated (for example, 
methoxy, ethoxy, propoxy, butoxy, trifluoromethoxy, trifluoroethoxy or the like), a alkoxy-C^ alkoxyl that may be 
halogenated (for example, methoxymethoxy, methoxyethoxy, ethoxyethoxy, trifluoromethoxyethoxy, trifluoroethox- 
yethoxy orthe like), formyl, a C 2 + alkanoyl (for example, acetyl, propionyl orthe like), a alkylsuffonyl (for example, 
methanesulfonyl, ethanesulfonyl orthe like), where the number of the substituents is preferably 1 to 3. 
[0016] An acyl that may be substituted as a substituent of R 1 is exemplified by a group, wherein the carbonyl group 
or the sulfonyl group is bonded with 

(1) hydrogen, 

(2) an alkyl that may be substituted (for example, a C V10 alkyl such as methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl orthe like, preferably 
a lower (C^ alkyl, orthe like is exemplified); 

(3) a cycloalkyl that may be substituted and may contain heteroatoms (for example, a C3_ 7 cycloalkyl such as 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or the like); 

(4) an alkenyl that may be substituted (for example, an alkenyl that has the carbon number of 2 to 1 0 such as ally!, 
crotyl, 2-pentenyl, 3-hexenyl or the like, preferably a lower (C2_ 6 ) alkenyl, or the like is exemplified) ; 

(5) a cycloalkenyl that may be substituted (for example, an cycloalkenyl that has the carbon number of 3 to 7 such 
as 2-cyclopentenyl, 2-cyclohexenyl 2-cyclopentenylmethyl, 2-cyclohexenylmethyl or the like, or the like is exem- 
plified); or 

(6) a 5- to 6-membered, monocyclic ring aromatic group (for example, phenyl, pyridyl or the like is exemplified) 
that is bonded with the carbonyl group or the sulfonyl group, (for example, acetyl, propionyl, butyryl, isobutyryl, 
valeryl, isovaleryl, pivaloyl, hexanoyl, heptanoyl, octanoyl, cyclobutanecarbonyl, cyclopentanecarbonyl, cyclohex- 
anecarbonyl, cycloheptanecarbonyl, crotonyl, 2-cyclohexenecarbonyl, benzoyl, nicotinoyl, methanesulfonyl, 
ethanesulfonyl or the like), where examples of the substituents that may be possessed by (2) an alkyl that may be 
substituted, (3) a cycloalkyl that may be substituted, (4) an alkenyl that may be substituted, (5) a cycloalkenyl that 
may be substituted and (6) a 5- to 6-membered, monocyclic ring aromatic group that may be substituted, which 
are described above, include a halogen (for example, fluorine, chlorine, bromine, iodine orthe like), nitro, cyano, 
the hydroxyl group, the thiol group that may be substituted (for example, thiol, a alkylthio orthe like), an amino 
group that may be substituted (for example, amino, a mono-C^ alkylamino, a di-C^ alkylamino, a 5- to 6-mem- 
bered cyclic ring amino such as tetrahydropyrrole, piperazine, piperidine, morpholine, thiomorpholine, pyrrole, 
imidazole or the like, or the like), the carboxyi group that may be esterified or amidated (for example, carboxyi, a 

alkoxycarbonyl, carbamoyl, a mono-C^ alkyicarbamoyl, a di-C w alkyicarbamoyl or the like) , a C,^ alkoxyl 
that may be halogenated (for example, methoxy, ethoxy, propoxy, butoxy, trifluoromethoxy, trifluoroethoxy or the 
like), a alkoxy-C^ alkoxyl that may be halogenated (for example, methoxymethoxy, methoxyethoxy, ethox- 
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yethoxy, trifluoromethoxyethoxy, trifluoroethoxyethoxy or the like), formyl, a C 2 ^ alkanoyl (for example, acetyl, 
propionyl or the like), a alkylsulfonyl (for example, methanesuifonyl, ethanesulfonyl or the like), where the 
number of the substituents is preferably 1 to 3. 

[001 7] The carbonyl group that may be esterif ied as a substituent of is exemplified by a group, wherein the car- 
bonyloxy group is bonded with 

(1) hydrogen, 

(2) an alkyl that may be substituted (for example, a C^q alkyl such as methyl, ethyl, propyl, isopropyl, butyl 
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl or the like, preferabrJ 
a lower (C^e) alkyl, or the like is exemplified); 

(3) a cycloalkyl that may be substituted and may contain heteroatoms (for example, a cycloalkyl such as 
cyclopropyl, cyclobutyl, cyclopentyi, cyclohexyl, cycloheptyl or the like); 

(4) an alkenyl that may be substituted (for example, an alkenyl that has the carbon number of 2 to 1 0 such as allyl 
crotyl, 2-pentenyl, 3-hexenyl or the like, preferably a lower (C^) alkenyl, or the like is exemplified); 

(5) a cycloalkenyl that may be substituted (for example, an cycloalkenyl that has the carbon number of 3 to 7 such 
as 2-cyclopentenyl, 2^cyclohexenyl 2<yc!opentenylmethyl, 2-cyclohexenylmethyl or the like, or the like is exem- 
plified); or 

(6) an aryl that may be substituted (for example, phenyl, naphthyl or the like is exemplified), preferably carboxyl, 
a lower (C^) alkoxycarbonyl and an aryloxycarbonyl (for example, methoxycarbonyl, ethoxycarbonyl, propoxy- 
carbonyl, phenoxycarbonyl, naphthoxycarbonyl or the like), where examples of the substituents that may be pos- 
sessed by (2) an alkyl that may be substituted, (3) a cycloalkyl that may be substituted, (4) an alkenyl that may be 
substituted, (5) a cycloalkenyl that may be substituted and (6) an aryl that may be substituted, which are described 
above, include a halogen (for example, fluorine, chlorine, bromine, iodine or the like), nitro, cyano, the hydroxyl 
group, the thiol group that may be substituted (for example, thiol, a alkylthio or the like), an amino group that 
may oe substituted (for example, amino, a mono-C^ aikyiamino, a di-C,^ aikyiamino, a b- to b-membered cyclic 
ring amino such as tetrahydropyrrole, piperazine, piperidine, morpholine, thiomorpholine, pyrrole, imidazole or the 
like, or the like), the carboxyl group that may be esterlfied or amidated (for example, carboxyl, a alkoxycarbonyl 
carbamoyl, a mono-C^ alkylcarbamoyl, a di-C^ alkylcarbamoyl or the like), a alkoxyl that may be halogen- 
ated (for example, methoxy, ethoxy, propoxy, butoxy, trifluoromethoxy, trifluoroethoxy orthe like), a C w alkoxy-C^ 
alkoxyl that may be halogenated (for example, methoxymethoxy, methoxyethoxy, ethoxyethoxy, trifluoromethox- 
yethoxy, trifluoroethoxyethoxy orthe like), formyl, a C 2 . 4 alkanoyl (for example, acetyl, propionyl orthe like), a C, . 
alkylsulfonyl (for example, m ethanesulfonyl, ethanesulfonyl or the like), where the number of the substituents is 
preferably 1 to 3. 

[0018] The aromatic group for an aromatic group that may be substituted as a substituent of R1 is exemplified by a 
5- to 6-membered, same element or heterocyclic ring, aromatic group such as phenyl, pyridyl, furyl, thienyl pyrrolyl 
imidazolyl, pyrazolyl, thiazolyl, oxazolyl, isothiazolyl, isooxazolyl, tetrazolyi, pirazinyl, pyrimidinyl, pyridazinyl, triaziny! 
or the like, a condensed, heterocyclic ring aromatic group such as benzofuran, indole, benzothiophene, benzoxazole 
benzthiazole, indazole, benzimidazole, quinoline, isoquinoline, quinoxaline, phthaiazine, quinazoline, cinnoline orthe 
like, or the like. Examples of the substituents for these aromatic groups include a halogen (for example, fluorine, chlo- 
rine, bromine, iodine or the like), nitro, cyano, the hydroxyl group, the thiol group that may be substituted (for example 
thiol, a alkylthio or the like), an amino group that may be substituted (for example, amino, a mono-C^ aikyiamino] 
a di-C^ aikyiamino, a 5- to 6-membered cyclic ring amino such as tetrahydropyrrole, piperazine, piperidine morpho- 
line, thiomorpholine, pyrrole, imidazole orthe like, orthe like), the carboxyl group that may be esterified or amidated 
(for example, carboxyl, a alkoxycarbonyl, carbamoyl, a mono-C^ alkylcarbamoyl, a di-C^ alkylcarbamoyl orthe 
like), a alkyl that may be halogenated (for example, trifluoromethyl, methyl, ethyl or the like), a C 1 6 alkoxyl that 
may be halogenated (for example, methoxy, ethoxy, propoxy, butoxy, trifluoromethoxy, trifluoroethoxy or the like) 
formyl, a C 2 + alkanoyl (for example, acetyl, propionyl orthe like), a C w alkylsulfonyl (for example, methanesuifonyl' 
ethanesulfonyl or the like), where the number of the substituents is preferably 1 to 3. 

[001 9] Such a substituent of R1 may be substituted at any position of 1 to 4 (preferably, 1 to 2) of the same or different 
cyclic rings. Also, in the case where "a 5- to 6-membered cyclic ring" of "a 5- to 6-membered cyclic ring that may be 
substituted", which is indicated by H\ has 2 or more substituents, 2 substituents of them may be bonded together to 
form, for example, a lower (C^ alkylene (for example, trimethylene, tetramethylene orthe like), a lower (C« e) alkyle- 
neoxy (for example, -CH 2 -0-CH 2 -, -0-CH 2 -CH 2 -,-0-CH 2 -CH 2 -CH 2 -, -0-CH 2 -CH 2 -CH 2 -CH 2 -, -0-C(CH 3 )(CH 3 ) 
-CH 2 -CH r or the like), a lower (C^) alkylenethio (for example, -CH 2 -S-CH 2 -, -S-CH 2 -CH 2 -, -S-CH 2 -CH 2 -CH 2 -, 
-S-CH 2 -CH 2 -CH 2 -CH 2 -, -S-C (CH 3 ) (CH 3 )-CH 2 -CH 2 - orthe like), a lower (C 1-6 ) alkylenedioxy (for example, -0-CH 2 - 
0-, -0-CH 2 -CH 2 -0-, -0-CH 2 -CH 2 -CH 2 -0- or the like) , a lower (C,_ 6 ) alkylenedithio (for example, -S-CH 2 -S- 
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-S-CH 2 -CH 2 -S-, -S-CH 2 -CH 2 -CH 2 -S- or the like), an oxy-lower (C^) alkylenamino (for example.-O-Ch^-NH-, 
-0-CH 2 -CH 2 -NH- or the like), an oxy-lower (C^ alkylenethio (for example, -0-CH 2 -S-, -OCH 2 -CH 2 -S- or the like), a 
lower (C^) alkylenamino (for example, -NH-CH 2 -CH 2 -, -NH-CH 2 -CH 2 -CH 2 - or the like), a lower (C^ alkylenediamino 
(for example, -NH-CH 2 -NH-, -NH-CH 2 -CH 2 -NH- orthe like), a thia-lower (C^) alkylenamino (for example, -S-CH 2 -NH-, 

5 -S-CH 2 -CH 2 -NH- or the like), a lower (C 2 ^) alkenylene (for example, -CH 2 -CH=CH- t -CH 2 -CH 2 -CH=CH-, 
-CH 2 -CH=CH-CH 2 -CH 2 - orthe like), a lower (C^) alkadienylene (for example,-CH=CH-CH=CH- orthe like) orthe like. 
[0020] Furthermore, the bivalent group that is formed by binding each other 2 substituents of R 1 may have 1 to 3 
substituents similar to the substituenf that may be possessed by "a 5- to 6-membered cyclic ring" of "a 5- to 6-mem- 
bered cyclic ring that may be substituted", which is indicated by R 1 , (a halogen atom, nitro, cyano, an alkyl that may 

io be substituted, a cycloalkyl that may be substituted, the hydroxyl group that may be substituted, the thiol group that 
may be substituted (the sulfur atom may be oxidized to form a sutfinyl group that may be substituted or a sulfonyl group 
that may be substituted), an amino group that may be substituted, an acyl that may be substituted, the carboxyl group 
that may be esterified or amidated, an aromatic group that may be substituted and the like). 
[0021] The substituenf that may be possessed by "a 5- to 6-membered cyclic ring" of "a 5- to 6-membered cyclic 

is ring that may be substituted", which is indicated by R 1 , is exemplified particularly by a lower (C^ alkyl that may be 
halogenated or alkoxylated with a lower (C^) (for example, methyl, ethyl, t-butyl, trifluoromethyl, methoxymethyl, 
ethoxymethyl, propoxymethyl, butoxymethyl, methoxyethyl, ethoxyethyl, propoxyethyl, butoxyethyl, orthe like), a lower 
(C 1-4 ) alkoxyl that may be halogenated or alkoxylated with a lower (C^) (for example, methoxy, ethoxy, propoxy, 
butoxy, t-butoxy, trifluoromethoxy, methoxymethoxy, ethoxymethoxy, propoxymethoxy, butoxymethoxy, methox- 

20 yethoxy, ethoxymethoxy, propoxyethoxy, butoxyethoxy, methoxypropoxy, ethoxypropoxy, propoxypropoxy, butoxypro- 
poxy or the like), a halogen (for example, fluorine, chlorine or the like), nitro, cyano, an amino group that may be 
substituted with 1 to 2 of a lower (C 1 ^) alkyl, formyl or a lower (C^ alkanoyl (for example, amino, methylamino, 
dimethylamino, formylamino, acetylamino orthe like), a 5- to 6-membered cyclic ring amino group (for example, 1 -pyr- 
rolidinyl, 1-piperazinyl, 1-piperidinyl, 4-morpholino, 4-thiomorpholino, 1-imidazofyl, 4-tetrahydropyranyl orthe like) or 

25 the like. 

[0022] "A bivalent group, in which the number of atoms constituting the straight-chain portion is 1 to 4", indicated by 
X 1 and X 2 is exemplified by, for example,-(CH 2 ) a ,- [a 1 indicates an integer of 1 to 4 (preferably, an integer of 1 to 2)], 
-(CH^rX 3 - [b' indicates an integer of 0 to 3 (preferably, an integer of 0 to 1) and X 3 indicates an imino group that may 
be substituted (for example, an imino group that may be substituted with a lower (C^e) lower alkyl, a lower (C^) 

30 cycloalkyl, formyl, a lower (C 2 . 7 ) lower alkanoyl, a lower (C^g) lower alkoxycarbonyl or the like), the carbonyl group, 
the oxygen atom, the sulfur atom that may be oxidized by the oxygen atom (for example, -S(0) m - (m indicates an 
integer of 0 to 2) orthe like)], -CH=CH-, -C~C-, -CO-NH-, -S0 2 -NH- orthe like. Although these groups may be bonded 
with W through either of the left or right bond, it is preferable to be bonded with W through the right hand in the case 
of X 1 , whereas it is preferable to be bonded with W through the left hand in the case of X 2 . 

35 [0023] As for X 1 , a bond, -(CH 2 ) b ,-0- [b' indicates an integer of 0, 1 or 2 (preferably, an integer of 0 to 1),-CsC- or 
the like is preferable, and a bond is more preferable. 

[0024] As for X 2 , -(CH 2 ) a ,- [a' indicates an integer of 1 to 2], -(CH^.-X 3 - [b 1 indicates an integer of 0 to 1 and X 3 
indicates an imino group that may be substituted, the carbonyl group, the oxygen atom, the sulfur atom that may be 
oxidized by the oxygen atom], -CH=CH-, -CO-NH-, -S0 2 -NH- orthe like is preferable, and -CO-NH- is more preferable. 
40 [0025] In the above-mentioned formula (I), a bivalent group that is represented by formula indicated by W 
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(wherein each of ring A and ring B indicates a 5- to 7-membered cyclic ring group that may be substituted, each of E t 
and 5 4 . in ^ icates * he carb °n atom that may be substituted or the nitrogen atom that may be substituted, each of E 2 
and E 3 indicates ihe carbon atom that may be substituted or the nitrogen atom that may be substituted, the suifur atom 
that may be oxidized (for example, -S(0) m - (m indicates an integer of 0 to 2) or the like) or the oxygen atom and each 
of a and b indicates to be a single bond or a double bond) indicates that the bonding with adjacent X* and X 2 is made 
in a mode that is shown respectively by 
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10 

(wherein each of the symbols has the same meaning as that described hereinabove). 

[0026] in the above-mentioned formula (I), "a 5- to 7-membered cyclic ring - of °a 5- to 7-membered cyclic ring that 
may be substituted", which is indicated by A, is exemplified by a 5- to 7-membered (preferably, 5- to 6-membered, 
saturated or unsaturated aiicyclic hydrocarbon such as a cycloalkane (for example, cyclopentane, cyclohexane, 

is cycloheptane or the like), a cycloalkene (for example, 1-cyclopentene, 2-cyclopentene, 3-cyclopentene, 2-cy- 
clohexene, 3-cyclohexene or the like), a C M cycloalkadiene (for example, 2,4-cyclopentadiene, 2,4-cyclohexadiene, 
2,5-cyclohexadiene or the like); a 6-membered aromatic hydrocarbon such as benzene; a 5- to 7-membered, aromatic 
heterocyclic ring, a saturated or unsaturated non-aromatic heterocyclic ring (aliphatic heterocyclic ring) or the like, 
which contains at least one (preferably, 1 to 4, more preferably 1 to 2) of heteroatoms of 1 to 3 kinds (preferably, 1 to 

20 2 kinds) selected from the oxygen atom, the sulfur atom and the nitrogen atom; or the like. 

[0027] Herein, "an aromatic heterocyclic ring" is exemplified by a 5- to 7-membered, aromatic monocyclic, hetero- 
cyclic ring (for example, furan, thiophene, pyrrole, oxazole, isoxazole, thiazole, isothiazole, imidazole, pyrazole, 
1 ,2,3-oxadiazole, 1 ,2,4-oxadiazole, 1 ,3,4-oxadiazole, furazane, 1 ,2,3-thiadiazole, 1 ,2,4-thiadiazole, 1,3,4-thiadiazole, 
1 ,2,3-triazole, 1 ,2,4-triazole, tetrazole, pyridine, pyridazine, pyrimidine, pyrazine, triazine or the like) or the like, and "a 

25 non-aromatic heterocyclic ring" is exemplified by, for example, a 5- to 7-membered (preferably, 5- to 6-membered), 
saturated or unsaturated non-aromatic heterocyclic ring (aliphatic heterocyclic ring) such as pyrrolidine, tetrahydro- 
furan, thiolan, piperidine, tetrahydropyran, morpholine, thiomorpholine, piperazine, pyran, oxepine, azepine or the like, 
a 5- to 6-membered, non-aromatic heterocyclic ring, where a part or all of the double bonds in the above-mentioned 
aromatic monocyclic heterocyclic ring are saturated, or the like. 

30 [0028] As for "a 5- to 7-membered cyclic ring" of "a 5- to 7-membered cyclic ring that may be substituted", which is 
indicated by A, a 5- to 6-membered, aromatic ring is preferable, and further benzene, furan, thiophene, pyrrole, pyridine 
(preferably, 6-membered) or the like is preferable, where benzene is particularly preferable. 

[0029] "The substituenf that may be possessed by "a 5- to 7-membered cyclic ring" of "a 5- to 7-membered cyclic 
ring that may be substituted", which is indicated by A, is exemplified by a group similar to "the substituent" that may 
35 be possessed by "a 5- to 6-membered cyclic ring" of "a 5- to 6-membered cyclic ring that may be substituted", which 
is indicated by R 1 . Also, such a substituent for A may be substituted at any positions of 1 to 4 (preferably, 1 to 2) of 
the same or different rings, and the substituent may be possessed at any substitutable position, whether it is any of 
the positions that are indicated by E 1 and E 2 or any of other positions. 

[0030] In the above-mentioned formula (I), "a 5- to 7-membered cyclic ring" of "a 5- to 7-membered cyclic ring that 
40 may be substituted", which is indicated by B, is exemplified by a 5- to 7-membered cyclic ring that may have substituents 
at optional, substitutable positions, which is represented by formula 



45 



50 




or the like. 

55 [0031] In the above-mentioned formula (I), the bivalent group that is indicated by Y indicates a bivalent group, with 
which ring B forms a 5- to 7-membered cyclic ring that may be substituted, and is exemplified by a bivalent group such 
as, for example, 
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(1 MCH^arO-fCHg)^- (each of a1 and a2 indicates 0, 1 or 2 in the same or different manner. Hereupon, the sum 
of a1 and a2 is 2 or less), -0-(CH=CH)-, -(CH=CH)-0- f 

(2) -(CH 2 ) b1 -S(0) m -(CH 2 ) b2 - (m indicates an integer of 0 to 2, and each of b1 and b2 indicates 0, 1 or 2 in the same 
or different manner. Hereupon, the sum of b1 and b2 is 2 or less), -S(0) m -(CH=CH)-, -(CH=CH)-S(0) - 

(3) -(CH 2 ) d1 - (d1 indicates 0, 1 or 2), -CH 2 -(CH=CH)-,-(CH=CH)-CH 2 -, -CH=CH-, -CH=, 

(4) -(CH 2 ) e1 -NH-(CH 2 ) e2 - (each of e1 and e2 indicates 0, 1 or 2 in the same or different manner Hereupon, the 
sum of e1 and e2 is 2 or less), -NH-(CH=CH)-, -(CH=CH)-NH-, -(CH 2 ) e6 -(N=CH)-(CH 2 ) e7 -, -(CH 2 ) e7 -(CH=N) 
"(CH^eg- (either of e6 and e7 indicates 0, and the other indicates 0 or 1) , -(CH 2 ) e8 -(N=N) - (CH^- (either of e8 
and e9 indicates 0, and the other indicates 0 or 1 ) or the like. Specifically, the bivalent group is exemplified by, for 
example, a bivalent group such as -0-, -0-CH 2 -, -0-CH 2 -CH 2 -, -0-(CH=CH)-,-S(0) m - (m indicates an integer of 
0 to 2), -S(0) m -CH 2 - (m indicates an integer of 0 to 2), -S(0) m -CH 2 -CH 2 - (m indicates an integer of 0 to 2), -S 
(°)nf ( CH = CH h (m indicates an integer of 0 to 2), -CH 2 -, -(CH 2 ) 2 -, -(CH 2 ) 3 -,-CH=, -CH=CH-, -CH=CH-CH 2 -, 
-CH 2 -CH=CH-, -NH-, -N=CH-,-CH=N-, -N=N- (respectively, the bonding indicated starts from ring A) or the like. 

[0032] In addition, said bivalent group may have a substituent, and said substituent is exemplified by a group similar 
to "the substituent u that may be possessed by "a 5- to 6-membered cyclic ring" of "a 5- to 6-membered cyclic ring that 
may be substituted", which is indicated by R 1 , oxo and the like, where a lower (C^) alkyl (for example, methyl, ethyl, 
propyl orthe like), phenyl, oxo, the hydroxyl group orthe like is particularly preferable. Furthermore, said bivalent group 
may be -O-C(O)- (the bonding indicated starts from ring A) orthe like. The substituent for such a bivalent group may 
be substituted at any same or different positions of 1 to 4 (preferably, 1 to 2). The substituent position may be any 
position that is substitutable to said bivalent group. 

[0033] As for the bivalent group that is indicated by Y, a group such as -Y'-(CH 2 )m'- (Y 1 indicates -S(0) m - (m indicates 
an integer of 0 to 2), -0-, -NH- or -CH 2 -, and m' indicates an integer of 0 to 2), -CH=, -CH=CH-, -N^CH-.-tCH^m'-Y'- 
(Y 1 indicates -S(0) m - (m indicates an integer of 0 to 2), -O-, -NH- or -CH 2 -, and m* indicates an integer of 0 to 2), -CH=N- 
or the like, with starting the bonding indicated from ring A, is preferable, where a group such as -r-(CH2)m'- (V indicates 
* 5 (°)m- ( m indicates an inieger of 0 io 2), -0-, -NH- or -CH 2 -, and m : indicates an integer of 0 io 2), -CH=, -CH=CH-, 
-N=CH- orthe like, with starting the bonding indicated from ring A, is more preferable, and a group (ring B indicates a 
7-membered ring) such as -Y'-(CH 2 ) 2 - (Y' indicates -S(0) m - (m indicates an integer of 0 to 2), -0-, -NH- or -CH 2 -) t with 
starting the bonding indicated from ring A, is most preferable. 

[0034] The substituent" that may be possessed by "a 5- to 7-membered cyclic ring" of "a 5- to 7-membered cyclic 
ring that may be substituted", which is indicated by B, is exemplified by a group similar to "the substituent" that may 
be possessed by "a 5- to 6-membered cyclic ring" of "a 5- to 6-membered cyclic ring that may be substituted", which 
is indicated by R 1 . Also, such a substituent for B may be substituted at any positions of 1 to 4 (preferably, 1 to 2) of 
the same or different rings, but it is preferable that the position of E 3 is unsubstituted. 

[0035] In the above-mentioned formula (I), it is preferable that each of E 3 and E 4 is the carbon atom that may be 
substituted (preferably, the carbon atom that is not substituted), and b indicates a double bond. 
[0036] In the above-mentioned formula (I), "a bivalent cyclic ring group" indicated by Z 1 is exemplified by a group 
that is formed by removing two hydrogen atoms from a group similar to "a 5- to 6-membered cyclic ring" of "a 5- to 
6-membered cyclic ring that may be substituted", or the like, where a bivalent cyclic ring group, which is formed by 
removing two hydrogen atoms from benzene, furan, thiophene, pyridine, cyclopentane, cyclohexane, pyrrolidine, pip- 
eridine, piperazine, morpholine, thiomorpholine ortetrahydropyran, is more preferable, and a bivalent cyclic ring group, 
which is formed by removing two hydrogen atoms from benzene, cyclohexane or piperidine (preferably, benzene) is 
most preferably used. 

[0037] "A bivalent cyclic ring group" indicated by Z 1 may have a substituent similar to "a substituent" that is possessed 
by "a 5- to 6-membered cyclic ring" of "a 5- to 6-membered cyclic ring that may be substituted", but it is preferable not 
to have a substituent other than X 2 and Z 2 and also it is preferable that the substitution position for Z 2 is para to X 2 in 
the case where Z 1 is a 6-membered, bivalent cyclic ring group (preferably, phenylene). 

[0038] In the above-mentioned formula (I), "a bivalent group, In which the number of atoms constituting the straight- 
chain portion is 1 to 4", which is indicated by Z 2 , is exemplified by a bivalent group that has a hydrocarbon chain having 
the carbon number of 1 to 4, which may be substituted (for example, a alkylene, a C 2 . 4 alkenylene or the like, 
preferably a alkylene, more preferably methylene), or the like. 

[0039] A bivalent group, which is indicated by Z 2 , may be any group having a bivalent chain, in which the number of 
atoms constituting the straight-chain portion is 1 to 4, and is exemplified by, for example, an alkylene chain represented 
by -(CH 2 ) k1 - (k1 is an integer of 1 to 4), an alkenylene chain represented by-fCH,,)^ - (CH=CH) - (CH^- (each of k2 
and k3 indicates an integer of 1 to 4 in the same or different manner. Hereupon, the sum of k2 and k3 is 2 or less) or 
the like. 

[0040] A bivalent group, which is indicated by X 1 , X 2 and Z 2 , may have a substituent at an optional position (preferably, 
on the carbon atom), where such a substituent may be any one that is capable of being bonded to a bivalent chain 
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constituting the straight-chain portion, is exemplified by, for example, a lower (C^e) alkyl (for example, methyl, ethyl, 
propyl, isopropyl, butyl, 'isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl or the like), a lower (03.7) 
cycloalkyl (for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or the like), formyl, a lower (C^y) 
alkanoyl (for example, acetyl, propionyl, butyryl or the like), a phosphono group that may be esterifled, the carboxyl 
5 group that may be esterifled, the hydroxy! group, oxo or the like, where preferably a lower alkyl having the carbon 
number of 1 to 6 (preferably a alkyl), the hydroxyl group, oxo or the like is exemplified. 

[0041] Said phosphono group that may be esterified is exemplified by a group represented by -PJOXOR^fOR 8 ) 
[wherein each of R 7 and R 8 indicates hydrogen, an alkyl group having the carbon number of 1 to 6 or a cycloalkyl group 
having the carbon number of 3 to 7, and may be bonded together to form a 5- to 7-membered cyclic ring]. 

10 [0042] In the above-mentioned formula, an alkyl group having the carbon number of 1 to 6, which is represented by 
R 7 and R 8 , is exemplified by methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, 
neopentyl, hexyl or the like, and a cycloalkyl having the carbon number of 3 to 7 is exemplified by cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl or the like), where a lower alkyl having the carbon number of 1 to 6 is exemplified 
preferably, and a lower alkyl having the carbon number of 1 to 3 is exemplified more preferably. R 7 and R B may be the 

is same or different, but it is preferable to be the same. Also, in the case where R 7 and R 8 are bonded together to form 
a 5- to 7-membered cyclic ring, R 7 and R 8 are bonded together to form a straight-chained C 2 ^ alkylene side chain 
represented by -(CH 2 ) 2 -. -{GHzh'* *( CH 2)4*- Said side cnain mav nave substituents, and such a substituent is exem- 
plified by, for example, the hydroxyl group, a halogen or the like. 

[0043] The carboxyl group, which is esterified for the carboxyl group that may be esterified, is exemplified by a group, 
20 wherein the carboxyl group is bonded with an alkyl group having the carbon number of 1 to 6 or a cycloalkyl having 
the carbon number of 3 to 7, such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butox- 
ycarbonyl, isobutoxycarbonyl, sec-butoxycarbonyl, tert-butoxycarbonyl, pentyioxycarbonyl, hexyloxycarbonyl or the 
like. 

[0044] A bivalent group, which is Indicated by Z 2 , is exemplified by a aJkylene that may be substituted, where 
25 a C-,.3 alkylene that may be substituted with a alkyl, the hydroxyl group or oxo is more preferable. 

[0045] Furthermore, as for a bivalent group, which is indicated by Z 2 a group represented by -Z-(CH 2 )n- or-(CH 2 ) 
n-Z 1 - (Z 1 indicates -CH(OH)-, -C(O)- or -CH 2 -, n indicates an integer of 0 to 2 and each methylene group may have 1 
to 2 groups of the same or different substituent), with starting from the benzene ring, is preferable, a group represented 
by -Z-{CH 2 )n- (Z* indicates -CH(OH)-, -C(O)- or -CH 2 -, n indicates an integer of 0 to 2 (preferably, n indicates 0) and 
30 each methylene group may have 1 to 2 groups of the same or different substituents), with starting from the benzene 
ring, is more preferable and methylene is most preferable. 

[0046] In the above-mentioned formula (I), "an amino group" of "an amino group that may be substituted, where the 
nitrogen atom may be converted into a quaternary ammonium or the N-oxide° indicated by R 2 , is exemplified by an 
amino group that may have 1 to 2 substituents, an amino group that has 4 substituents, where the nitrogen atom may 

35 be converted into a quaternary ammonium, or the like. In the case where the substituents on the nitrogen atom are 2 
or more, these substituents may be the same or different, and in the case where the substituents on the nitrogen atom 
are 3, the amino group may be of any type of -N + R 3 , -N + R 2 R\ -NrRR'R" (each of R, R' and R" indicates hydrogen or 
a substituent in a different manner). In addition, a counter anion for the amino group, in which the nitrogen atom is 
converted into a quaternary ammonium, is exemplified by, in addition to an anion of a halogen atom (for example, CI - , 

40 Br, I* or the like) or the like, an anion derived from an inorganic acid such as hydrochloric acid, hydrobromic acid, nitric 
acid, sulfuric acid, phosphoric acid and the like, an anion derived from an organic acid such as formic acid, acetic acid, 
trifluoroacetic acid, fumaric acid, oxalic acid, tartaric acid, maleic acid, citric acid, succinic acid, malic acid, methanesul- 
fonic acid, benzenesutfonic acid, p-toluenesulfonic acid and the like and an anion derived from an acidic amino acid 
such as aspartic acid, glutamic acid and the like, where Cr, Br, |- or the like is more preferable. 

45 [0047] Examples of substituents for said amino group include substituents such as, 

(1) an alkyl that may be substituted (for example, a C^^ alkyl such as methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl or the like, preferably 
a lower (C^g) alkyl or the like is exemplified); 
so (2) a cycloalkyl that may be substituted and may contain heteroatoms (for example, a 03.7 cycloalkyl such as 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or the like is exemplified); 

(2-1) said cycloalkyl contains one heteroatom selected from the sulfur atom, the oxygen atom and the nitrogen 
atom, and may form oxirane, thiolan, aziridine, tetrahydrofuran, tetrahydrothiophene, pyrrolidine, tetrahydropyran, 
tetrahydrothiopyran, tetrahydrothiopyran 1 -oxide, piperidine or the like (preferably, a 6-membred ring such as tet- 
55 rahydropyran, tetrahydrothiopyran, piperidine or the like), where the binding position with the amino group is pref- 

erably position 3 or position 4 (preferably, position 4); 

(2-2) also, said cycloalkyl may condensed with the benzene ring to form an indane (for example, indan-2-yl, indan- 
2-yl or the like), tetrahydronaphthalene, (for example, tetrahydronaphthalen-5-yl, tetrahydronaphthalen-6-yl or the 
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like) or the like (preferably, indane); 

(2-3) furthermore, said cycloalkyl may be crosslinked via a straight-chained, atom chain having the carbon number 
of 1 to 2 to form a crosslinked, cyclic hydrocarbon residue such as bicyclo[2.2. 1 jheptyl, bicyclo[2.2.2]octyl, bicyclo 
[3.2.1 ]octy!, bicyclo[3.2.2]nony1 or the like (preferably, a cycloalkyl having a crosslink via a straight-chained, atom 
chain having the carbon number of 1 to 2, or the like, more preferably bicyclo[2.2.1 Jheptyl or the like); 

(3) an alkenyl that may be substituted (for example, an alkenyl that has the carbon number of 2 to 1 0 such as allyl, 
crotyl, 2-pentenyl, 3-hexenyl or the like, preferably a lower (C^ alkenyl, or the like is exemplified); 

(4) a cycloalkenyl that may be substituted (for example, an cycloalkenyl that has the carbon number of 3 to 7 such 
as 2-cyclopentenyl, 2-cyclohexenyl 2-cyclopentenylmethyl, 2-cyclohexenylmethyl or the like, or the like is exem- 
plified); 

(5) an aralkyl that may be substituted (for example, a phenyl-C^ alkyl (for example, benzyl, phenethyl orthe like) 
or the like is exemplified); 

(6) formyl or an acyl that may be substituted (for example, an alkanoyl that has the carbon number of 2 to 4 (for 
example, acetyl, propionyl, butyryl, isobutyryl orthe like), an alkylsulfonyl that has the carbon number of 1 to 4 (for 
example, methanesulfonyl, ethanesuifonyl or the like), an alkoxycarbonyl that has the carbon number of 1 to 4 
(methoxycarbonyl, ethoxycarbonyi, tert-butoxycarbonyl or the like), an aralkyloxycarbonyl that has the carbon 
number of 7 to 1 0 (for example, benzyloxycarbonyl or the like) or the like is exemplified); 

(7) an aryl that may be substituted (for example, phenyl, naphthyl or the like is exemplified); and 

(8) a heterocyclic ring group that may be substituted (a group that is formed by removing one hydrogen atom from 
a 5- to 6-membered, aromatic heterocyclic ring, which contains 1 to 4 heteroatoms of 1 to 2 kinds selected from 
the nitrogen atom, the sulfur atom and the oxygen atom, such as furan, thiophene, pyrrole, imidazole, pyrazole, 
thiazole, oxazole, isothiazole, isoxazole, tetrazole, pyridine, pyrazine, pyrimidine, pyridazine, triazole orthe like! 
a group that is formed by removing one hydrogen atom from a 5- to 6-membered, non-aromatic heterocyclic ring,' 
which contains 1 to 4 heteroatoms of 1 to 2 kinds selected from the nitrogen atom, the sulfur atom and the oxygen 
atom, such as tetrahydrofuran, tetrahydrothiophene, dithiolan, oxathiolan, pyrrolidine, pyrroline, imidazolidine, im- 
idazoline, pyrazolidine, pyrazoline, piperidine, piperazine, oxazine, oxadiazine, thiazine, thiadiazine, morpholine, 
thiomorpholine, pyran, tetrahydropyran orthe like, orthe like; preferably, a group, which is formed by removing 
one hydrogen atom from a 5- to 6-membered, non-aromatic heterocyclic ring, orthe like; and more preferably, a 
group, which is formed by removing one hydrogen atom from a 5- to 6-membered, non-aromatic heterocyclic ring, 
which has one heteroatom, such as tetrahydrofuran, piperidine, tetrahydropyran, tetrahydrothiopyran orthe like) 
and the like. In addition, the substituents of said amino group maybe bonded each otherto form a 5- to 7-membered, 
cyclic amino such as piperidine, piperazine, morpholine, thiomorpholine or the like. 

[0048] Examples of the substituents that may be possessed by (1 ) an alkyl that may be substituted, (2) a cycloalkyl 
that may be substituted, (3) an alkenyl that may be substituted, (4) a cycloalkenyl that may be substituted, (5) an aralkyl 
that may be substituted, (6) an acyl that may be substituted, (7) an aryl that may be substituted and (8) a heterocyclic 
ring group that may be substituted, which are described above, include a halogen (for example, fluorine, chlorine, 
bromine, iodine or the like), a lower (C^) alkyl that may be halogenated, a alkoxyl that may be halogenated (for 
example, methoxy, ethoxy, propoxy, butoxy, trifluoromethoxy, trifluoroethoxy or the like), a alkylenedioxy (for ex- 
ample, -0-CH 2 -0-, -0-CH 2 -CH 2 -0- orthe like), formyl, a C 2 . 4 alkanoyl (for example, acetyl, propionyl orthe like), a 
alkylsulfonyl (for example, methanesulfonyl, ethanesuifonyl or the like), a phenyl-lower (C^ alkyl, a C 3 7 cy- 
cloalkyl, cyano, nitro, the hydroxyl group, the thiol group that may be substituted (for example, thiol, a C^alkylthlo or 
the like), an amino group that may be substituted (for example, amino, a mono-C^ alkylamino, a di-C^ alkylamino, 
a 5- to 6-membered cyclic ring amino such as tetrahydropyrrole, piperazine, piperidine, morpholine, thiomorpholine! 
pyrrole, imidazole orthe like, orthe like), the carboxyl group that may be esterified or amidated (for example, carboxyl! 
a alkoxycarbonyl, carbamoyl, a mono-C^ alkylcarbamoyl, a di-C^ alkylcarbamoyl orthe like), a lower (C, J 
alkoxycarbonyl, a lower (C 7 . 10 ) aralkyloxycarbonyl, the oxo group (preferably, a halogen, a lower (C^ alkyl that may 
be halogenated, a alkoxyl that may be halogenated, a phenyl-lower (C^ alkyl, a cycloalkyl, cyano, the 
hydroxyl group or the like) and the like, where the number of the substituents is preferably 1 to 3. 
[0049] In the above-mentioned formula (I), "an amino group that may be substituted, where the nitrogen atom may 
be converted into a quaternary ammonium orthe N-oxide" indicated by R2, is preferably an amino group that may have 
1 to 3 substituents selected from, 

(1 ) a straight-chained or branched, lower (C^ G ) alkyl that may have 1 to 3 groups of a halogen, cyano, the hydroxyl 
group or a C3_ 7 cycloalkyl; 

(2) a Cr^ cycloalkyl that may have 1 to 3 groups of a halogen, a lower (C^) alkyl that may be halogenated or a 
phenyl-lower (C^) alkyl, may contain one heteroatom selected from the sulfur atom, the oxygen atom and the 
nitrogen atom, may be condensed with the benzene ring and may be crosslinked via a straight-chained, atom 
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chain having the carbon number of 1 to 2, (for example, cyclopentyl, cyclohexyl, cycloheptyl cyciooctyl, tetrahy- 
dropyranyl, tetrahydrothiapyranyl, piperidinyl, indanyl, tetrahydronaphthalenyl, bicyclo[2.2.1]heptyl or the like); 
(3) a phenyl-lower (C^ alkyl that may have 1 to 3 groups of a halogen, a lower (C^) alkyl that may be halogenated 
or a alkoxyl that may be halogenated; 
5 (4) a phenyl that may have 1 to 3 groups of a halogen, a lower (C^ alkyl that may be halogenated or a 

alkoxyl that may be halogenated; and 

(5) a 5- to 6-membered, aromatic heterocyclic ring that may have 1 to 3 groups of a halogen, a lower (C 1-4 ) alkyl 
that may be halogenated, a alkoxyl that may be halogenated, a (C^ alkoxy-fC^ alkoxyl that may be hal- 
ogenated, a phenyl-lower (C^ alkyl, cyano or the hydroxyl (for example, a group that is formed by removing one 
10 hydrogen atom from furan, thiophene, pyrrole, pyridine or the like). 

[0050] In the above-mentioned formula (I), "a nitrogen-containing, heterocyclic ring' of "a nitrogen-containing, het- 
erocyclic ring group that may be substituted and may contain the sulfur atom or the oxygen atom as a ring-constituting 
atom, where the nitrogen atom may be converted into a quaternary ammonium or the N-oxide" is exemplified by a 5- 

15 to 6-membered, aromatic heterocyclic ring, which may contain, in addition to one nitrogen atom, 1 to 3 heteroatoms 
of 1 to 2 kinds selected from the nitrogen atom, the sulfur atom and the oxygen atom, such as pyrrole, imidazole, 
pyrazole, thiazole, oxazole, isothiazole, isoxazole, tetrazole, pyridine, pyrazine, pyrimidine, pyridazine, triazole or the 
like, a 5- to 8-membered, non-aromatic heterocyclic ring, which may contain, in addition to one nitrogen atom, 1 to 3 
heteroatoms of 1 to 2 kinds selected from the nitrogen atom, the sulfur atom and the oxygen atom, such as pyrrolidine, 

20 pyrroline, imidazolidine, imidazoline, pyrrolidine, pyrazoline, piperidine, piperazine, oxazine, oxadiazine, thiazine, 
thiadiazine, morpholine, thiomorpholine, azacycloheptane, azacyclooctane (azokane) or the like, or the like, where 
each of these nitrogen-containing, heterocyclic rings may be crosslinked via a straight-chained, atom chain having the 
carbon number of 1 to 2 and may form a crosslinked, nitrogen-containing, heterocyclic ring such as azabicycto[2.2.1] 
heptane, azabicyclo[2.2.2]octane (quinuclidine) or the like (preferably, piperidine, which may have a crosslink via a 

25 straight-chained, atom chain having the carbon number of t to 2, or the like). 

[0051] Among the specific examples of the above-mentioned, nitrogen-containing, heterocyclic ring, pyridine, imi- 
dazole, pyrrolidine, piperidine, piperazine, morpholine, thiomorpholine and azabicyclo[2.2.2]octane (preferably, 
6-membered, cyclic rings) are preferable. 

[0052] The nitrogen atom of said "nitrogen-containing, heterocyclic ring" may be converted into a quaternary ammo- 
30 nium, or may be oxidized. In the case where the nitrogen atom of said "nitrogen-containing, heterocyclic ring" is con- 
verted into a quaternary ammonium, a counter anion for "the nitrogen-containing, heterocyclic ring group, in which the 
nitrogen atom is converted into a quaternary ammonium", is exemplified by, in addition to an anion of a halogen atom 
(for example, Ch, Br, I- or the like) or the like, an anion derived from an inorganic acid such as hydrochloric acid, 
hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid and the like, an anion derived from an organic acid such 
35 as formic acid, acetic acid, trifluoroacetic acid, fumaric acid, oxalic acid, tartaric acid, maleic acid, citric acid, succinic 
acid, malic acid, methanesulfonic acid, benzenesulfonic acid, p-toluenesutfonic acid and the like and an anion derived 
from an acidic amino acid such as aspartic acid , glutamic acid and the like, where Cr, Br, I* or the like is more preferable. 
[0053] Said "nitrogen-containing, heterocyclic ring" may be bonded with a bivalent group, which is indicated by Z 2 , 
via either of the carbon atom or the nitrogen atom and may be bonded on the carbon atom constituting the cyclic ring, 
40 as in the case of 2-pyridyl, 3-pyridyl, 2-piperidyl or the like, whereas a bonding as in the case of 



so 



55 




-^d, -z-O, - z HQ, 
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or the like is preferable. 

[0054] Examples of substituents of said "nitrogen-containing, heterocyclic ring" include a halogen (for example, flu- 
orine, chlorine, bromine, iodine or the like), a lower (C A _£ alkyl that may be substituted, a lower (C^ alkoxyl that may 

35 be substituted, a phenyl that may be substituted, a mono- or diphenyl-lower (C^ alkyl that may be substituted, a 

cycloalkyl that may be substituted, cyano, nitro, the hydroxyl group, the thiol group that may be substituted (for example, 
thiol, aC u alkylthio or the like), an amino group that may be substituted (for example, amino, a mono-C^ alkylamino, 
a di-C^ alkylamino, a 5- to 6-membered cyclic ring amino such as tetrahydropyrrole, piperazine, piperidine, morpho- 
line, thiomorpholine, pyrrole, imidazole or the like, or the like), the carboxyl group that may be esterified or amidated 

40 (for example, carboxyl, a alkoxycarbonyl, carbamoyl, a mono-C^ alkylcarbamoyl, a di-C w alkylcarbamoyl orthe 
like), a lower (C^ alkoxycarbonyl, fomnyl, a (C 2 ^) alkanoyl, a (C^) alkylsutfonyl, a heterocyclic ring group that may 
be substituted (a group that is formed by removing one hydrogen atom from a 5- to 6-membered, aromatic heterocyclic 
ring, which contains 1 to 4 heteroatoms of 1 to 2 kinds selected from the nitrogen atom, the sulfur atom and the oxygen 
atom, such as furan, thiophene, pyrrole, imidazole, pyrazole, thiazole, oxazole, isothiazole, isoxazole, tetrazole, pyri- 

45 dine, pyrazine, pyrimidine, pyridazine, triazole or the like, a group that is formed by removing one hydrogen atom from 
a 5- to 6-membered, non-aromatic heterocyclic ring, which contains 1 to 4 heteroatoms of 1 to 2 kinds selected from 
the nitrogen atom, the sulfur atom and the oxygen atom, such as tetrahydrofuran, tetrahydrothiophene, dithiolan, ox- 
athiolan, pyrrolidine, pyrroline, imidazoiidine, imidazoline, pyrazolidine, pyrazoline, piperidine, piperazine, oxazine, ox- 
adiazine, thiazine, thiadiazine, morpholine, thiomorpholine, pyran, tetrahydropyran, tetrahydrothiopyran orthe like, or 

so the like, where the number of the substituents is preferably 1 to 3. Also, the nitrogen in said "nitrogen-containing, 
heterocyclic ring" may be oxidized. 

[0055] Examples of the substituents, which may be possessed by "a lower (C^) alkyl that may be substituted", "a 
lower (C^ alkoxyl that may be substituted", "a phenyl that may be substituted", "a mono- or diphenyl-lower (c!,^) 
alkyl that may be substituted", "a cycloalkyl that may be substituted" and "a heterocyclic ring group that may be 
55 substituted", as the substituents that may be possessed by said "nitrogen-containing, heterocyclic ring", include, for 
example, a halogen (for example, fluorine, chlorine, bromine, iodine orthe like), a lower (C^ alkyl that may be halo- 
genated, a lower (C 3 . 10 ) cycloalkyl, a lower (C^o) cycloalkenyl, a alkoxyl that may be halogenated (for example, 
methoxy, ethoxy, trifluoromethoxy, trifluoroethoxy orthe like), formyl, a C 2 ^ alkanoyl (for example, acetyl, propionyl or 
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the like), a alkylsulfonyl (for example, rnethanesulfonyl, ethanesulfonyl or the like), a C,. 3 alkylenedioxy (for ex- 
ample, methylenedioxy, ethylenedioxy or the like), cyano, nitro, the hydroxyl group, the thiol group that may be sub- 
stituted (for example, thiol, a alkylthio or the like), an amino group that may be substituted (for example, amino, 
a mono-C^ alkyiamino, a di-C^ alkylamino, a 5- to 6-membered cyclic ring amino such as tetrahydropyrrole, piper- 
5 azine, piperidine, morpholine, thiomorpholine, pyrrole, imidazole or the like, or the like), the carboxyl group that may 
be esterifled or amidated (for example, carboxyl, a C 1-4 alkoxycarbonyl, carbamoyl, a mono-C^ alkylcarbamoyl, a 
di-0,.4 alkylcarbamoyl or the like), a lower (C^ alkoxycarbonyl and the like, where the number of the substituents is 
preferably 1 to 3. 

[0056] In the above-mentioned formula (I), the substituent, which may be possessed by n a nitrogen-containing, het- 
io erocyclic ring" of "a nitrogen-containing, heterocyclic ring group that may be substituted and may contain the sulfur 
atom or the oxygen atom as a ring-constituting atom, where the nitrogen atom may be converted into a quaternary 
ammonium or the N-oxide" is exemplified preferably by (1 ) a halogen, (2) cyano, (3) the hydroxyl group, (4) the carboxyl 
group, (5) a lower (C^ alkoxycarbonyl, (6) a lower (C^ alkyl that may be substituted with a halogen, the hydroxyl 
group or a lower (C^ alkoxyl, (7) a lower (C w ) alkoxyl that may be substituted with a halogen, the hydroxyl group 
is or a lower (C^) alkoxyl, (8) a phenyl that may be substituted with a halogen, a lower (C t ^) alkyl, the hydroxyl group, 
a lower (C^ alkoxyl or a C-,.3 alkylenedioxy, (9) a mono- or diphenyl-lower (C^ alkyl that may be substituted with 
a halogen, a lower (C^ alkyl, the hydroxyl group, a lower (C^ alkoxyl or a alkylenedioxy, (10) a group that is 
formed by removing one hydrogen atom from a 5- to 6-membered, aromatic heterocyclic ring, such as f uran, thiophene* 
pyrrole, pyridine or the like, or the like. 
20 [0057] In the above-mentioned formula (I), "a group that is bonded via the sulfur atom", which is indicated by R 2 , is 
exemplified by a group represented by -S(0)m-R s (wherein m indicates an integer of 0 to 2 and R s indicates a sub- 
stituent). In the above-mentioned formula, examples of the substituent indicated by RS include, for example, 

(1) an alkyl that may be substituted (for example, a C v10 alkyl such as methyl, ethyl, propyl, isopropyl, butyl, 
25 isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl or the like, preferably 

a lower (C^ alkyl, or the like is exemplified); 

(2) a cycloalkyl that may be substituted and may contain heteroatoms (for example, a cycloalkyl such as 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or the like is exemplified); 

(3) an aralkyl that may be substituted (for example, a phenyl-C^ alkyl (for example, benzyl, phenethyl or the like) 
30 or the like is exemplified); and 

(4) an aryl that may be substituted (for example,- phenyl, naphthyl or the like is exemplified), where examples of 
the substituents that may be possessed by (1) an alkyl that may be substituted, (2) a cycloalkyl that may be sub- 
stituted, (3) an aralkyl that may be substituted and (4) an aryl that may be substituted, which are described above, 
include a halogen (for example, fluorine, chlorine, bromine, iodine or the like), nitro, cyano, the hydroxyl group, 

35 the thiol group that may be substituted (for example, thiol, a C w alkylthio or the like), an amino group that may 

be substituted (for example, amino, a mono-C 1 . 4 alkylamino, a di-C^ alkylamino, a 5- to 6-membered cyclic ring 
amino such as tetrahydropyrrole, piperazine, piperidine, morpholine, thiomorpholine, pyrrole, imidazole orthe like, 
or the like), the carboxyl group that may be esterifled or amidated (for example, carboxyl, aC H alkoxycarbonyl, 
carbamoyl, a mono-C^ alkylcarbamoyl, a di-C^ alkylcarbamoyl orthe like), aC H alkyl that may be halogen ated 

40 (for example, trifluoromethyl, methyl, ethyl or the like), aC H alkoxyl that may be halogenated (for example, meth- 

oxy, ethoxy, propoxy, butoxy, trifluoromethoxy, trifluoroethoxy or the like), formyl, a C 2 _4 alkanoyl (for example, 
acetyl, propionyl orthe like), a alkylsulfonyl (for example, rnethanesulfonyl, ethanesulfonyl orthe like) orthe 
like, where the number of the substituents is preferably 1 to 3. 

45 [0058] In the above-mentioned formula (I), "the hydrocarbon atom" for the hydrocarbon atom that may be substituted, 
which is indicated by R 5 ' and R 6 *, in "a group represented by formula 



50 




(0) k 

(wherein k indicates 0 or 1 , the phosphorus atom may form a phosphonium salt when k is 0, and each of R 5 ' and R 6 * 
indicates the hydrocarbon atom that may be substituted, the hydroxyl group that may be substituted or an amino group 
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that may be substituted (preferably, the hydrocarbon atom that may be substituted or an amino group that may be 
substituted; more preferably the hydrocarbon atom that may be substituted) and R 5 ' and may bind each other to 
form a cyclic ring group together with the adjacent phosphorus atom) 0 , which is indicated by R2, is exemplified by, 

(1) an alkyl that may be substituted (for example, a C,„ 10 aikyl such as methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl or the like, preferably 
a lower (C^ alkyl, or the like is exemplified); 

(2) a cycloalkyl that may be substituted (for example, a cycloalkyl such as cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl or the like); 

(3) an alkenyl that may be substituted (for example, an alkenyl that has the carbon number of 2 to 1 0 such as allyl, 
crotyl, 2-pentenyl, 3-hexenyl or the like, preferably a lower (G^j) alkenyl, or the like is exemplified); 

(4) a cycloalkenyl that may be substituted (for example, an cycloalkenyl that has the carbon number of 3 to 7 such 
as 2-cyclopentenyl, 2<yclohexenyl 2-cyclopentenylmethyl, 2-cyclohexenylmethyl or the like, or the like is exem- 
plified); 

(5) an alkinyl that may be substituted (for example, an alkinyl that has the carbon number of 2 to 1 0 such as ethinyl, 
1-propinyl, 2-propinyl, 1-butinyl, 2-pentinyl, 3-hexinyl or the like, preferably a lower (C 2 ^) alkinyl, or the like is 
exemplified); 

(6) an aralkyl that may be substituted (for example, a phenyl-C^ alkyl (for example, benzyl, phenethyl or the like) 
or the like is exemplified); and 

(7) an aryl that may be substituted (for example, phenyl, naphthyl or the like is exemplified), where examples of 
the substituents that may be possessed by (1) an alkyl that may be substituted, (2) a cycloalkyl that may be sub- 
stituted, (3) an alkenyl that may be substituted, (4) a cycloalkenyl that may be substituted, (5) an alkinyl that: may 
be substituted, (6) an aralkyl that may be substituted and (7) an aryl that may be substituted, which are described 
above, include a halogen (for example, fluorine, chlorine, bromine, iodine or the like), nitro, cyano, the hydroxy! 
group, the thiol group that may be substituted (for example, thiol, a alkylthio or the like), an amino group that 
may be substituted (for example, amino, a mono-C^ alkylamino, a di-C,_ 4 alkylamino, a 5- to 6-membered cyclic 
ring amino such as tetrahydropyrrole, plperazine, piperidine, morpholine, thiomorpholine, pyrrole, imidazole or the 
like, or the like), the carboxyl group that may be esterified or amidated (for example, carboxyl, aC^alkoxycarbonyl, 
carbamoyl, a mono-C^ alkylcarbamoyl, a di-C^ alkylcarbamoyl or the like) , a alkyl that may be halogenated 
(for example, trifluoromethyl, methyl, ethyl orthe like), a alkoxyl that may be halogenated (for example, meth- 
oxy, ethoxy, propoxy, butoxy, trifluoromethoxy, trifluoroethoxy or the like, formyl, a C 2 ^ alkanoyl (for example, 
acetyl, propionyl orthe like), a alkylsulfonyl (for example, methanesulfonyl, ethanesulfonyl orthe like) orthe 
like, where the number of the substituents is preferably 1 to 3. 

[0059] The hydroxyl group that may be substituted, which is indicated by R5' and R* is exemplified by the hydroxyl 
group that may be possessed by, for example, (1) an alkyl that may be substituted (for example, a alkyl such as 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, 
nonyl, decyl or the like, preferably a lower (C^) alkyl, or the like is exemplified); 

(2) a cycloalkyl that may be substituted (for example, a cycloalkyl such as cyclopropyl, cyclobutyl, cyclopentyl 
cyclohexyl, cycloheptyl or the like); 

(3) an alkenyl that may be substituted (for example, an alkenyl that has the carbon number of 2 to 1 0 such as allyl, 
crotyl, 2-pentenyl, 3-hexenyl or the like, preferably a lower (C^) alkenyl, or the like is exemplified); 

(4) a cycloalkenyl that may be substituted (for example, an cycloalkenyl that has the carbon number of 3 to 7 such 
as 2-cyclopentenyl, 2-cyclohexenyl 2-cyclopentenylmethyl, 2-cyclohexenylmethyl orthe like, orthe like is exem- 
plified); 

(5) an aralkyl that may be substituted (for example, a phenyl-C^ alkyl (for example, benzyl, phenethyl orthe like) 
or the like is exemplified); 

(6) formyl or an acyl that may be substituted (for example, an alkanoyl that has the carbon number of 2 to 4 (for 
example, acetyl, propionyl, butyryl, isobutyryl orthe like), an alkylsulfonyl that has the carbon number of 1 to 4 (for 
example, methanesulfonyl, ethanesulfonyl or the like) or the like is exemplified); and 

(7) an aryl that may be substituted (for example, phenyl, naphthyl or the like is exemplified). 

[0060] Examples of the substituents that may be possessed by (1 ) an alkyl that may be substituted, (2) a cycloalkyl 
that may be substituted, (3) an alkenyl that may be substituted, (4) a cycloalkenyl that may be substituted, (5) an aralkyl 
that may be substituted, (6) an acyl that may be substituted and (7) an aryl that may be substituted, which are described 
above, include a halogen (for example, fluorine, chlorine, bromine, iodine orthe like), nitro, cyano, the hydroxyl group, 
the thiol group that may be substituted (for example, thiol, a alkylthio or the like), an amino group that may be 
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substituted (for example, amino, a mono-C^ alkylamino, a di-C,^ alkytamino, a 5- to 6-membered cyclic ring amino 
such as tetrahydropyrrole, piperazine, piperidine, moroholine, thiomorpholine, pyrrole, imidazole orthe like, orthelike), 
the carboxyl group that may be esterified or amidated (for example, carboxyl, a alkoxycarbonyl, carbamoyl, a 
mono-C^ alkylcarbamoyi, a dhC^ alkylcarbamoyl or the like), a C 1-4 alkyl that may be halogenated (for example, 
5 trifluoromethyl, methyl, ethyl orthe like), a alkoxyl that may be halogenated (for example, methoxy, ethoxy, propoxy, 
butoxy, trifluoromethoxy, trifluoroethoxy or the like, formyl, a C 2 ^ alkanoyl (for example, acetyl, propionyl or the like), 
a alkylsulfonyl (for example, methanesulfonyl, ethanesulfonyl or the like) and the like, where the number of the 
substituents is preferably 1 to 3. 

[0061 J Also, in the above-mentioned formula, R 5 ' and R 6 ' may bind each other to form a cyclic ring group together 

10 with the adjacent phosphorus atom (preferably, a 5- to 7-membered cyclic ring). Such a cyclic ring may have substituents 
and examples of said substituents include a halogen (for example, fluorine, chlorine, bromine, iodine orthe like), nitro, 
cyano, the hydroxy! group, the thiol group that may be substituted (for example, thiol, a alkylthio or the like), an 
amino group that may be substituted (for example, amino, a mono-C^ alkylamino, a di-C^ alkylamino, a 5- to 6-mem- 
bered cyclic ring amino such as tetrahydropyrrole, piperazine, piperidine, morpholine, thiomorpholine, pyrrole, imida- 

15 zole or the like, or the like), the carboxyl group that may be esterified or amidated (for example, carboxyl, a 

alkoxycarbonyl, carbamoyl, a mono-C^ alkylcarbamoyl, a di-C 1-4 alkylcarbamoyl or the like), a C,^ alkyl that may be 
halogenated (for example, trifluoromethyl, methyl, ethyl orthe like), a alkoxyl that may be halogenated (for example, 
methoxy, ethoxy, propoxy, butoxy, trifluoromethoxy, trifluoroethoxy or the like, formyl, a C 2 ^ alkanoyl (for example, 
acetyl, propionyl or the like), a alkylsulfonyl (for example, methanesulfonyl, ethanesulfonyl orthe like) and the like, 

20 where the number of the substituents is preferably 1 to 3. 

[0062] In the above-mentioned formula (I), a counter anion in the case where the phosphorus atom forms a phos- 
phonium salt is exemplified by, in addition to an anion of a halogen atom (for example, CI", Br, r orthe like) orthe like, 
an anion derived from an inorganic acid such as hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, phosphoric 
acid and the like, an anion derived from an organic acid such as formic acid, acetic acid, trifluoroacetic acid, fumaric 

25 acid, oxalic acid, tartaric acid, maleic acid, citric acid, succinic acid, malic acid, methanesulfonic acid, benzenesulfonic 
acid, p-toluenesulfonic acid and the like and an anion derived from an acidic amino acid such as aspartic acid, glutamic 
acid and the like, where CI", Br, I* or the like is more preferable. 

[0063] ^ amin0 9 rou P that mav be substituted, which is indicated by R 5 ' and R 6 ', is exemplified by an amino group 
that may have 1 to 2 groups such as, 

30 

(1) an alkyl that may be substituted (for example, a O^ 0 alkyl such as methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl orthe like, preferably 
a lower (C^ alkyl, orthe like is exemplified); 

(2) a cycloalkyl that may be substituted (for example, a cycloalkyl such as cyclopropyl, cyclobutyl, cyctopentyl, 
35 cyclohexyl, cycloheptyl or the like); 

(3) an alkenyl that may be substituted (for example, an alkenyl that has the carbon number of 2 to 1 0 such as ally!, 
crotyl, 2-pentenyl, 3-hexenyl or the like, preferably a lower (C^s) alkenyl, or the like is exemplified); 

(4) a cycloalkenyl that may be substituted (for example, an cycloalkenyl that has the carbon number of 3 to 7 such 
as 2-cyclopentenyl, 2-cyclohexenyl 2-cyclopentenylmethyl, 2-cyclohexenylmethyl or the like, or the like is exem- 

40 plified); 

(5) formyl or an acyl that may be substituted (for example, an alkanoyl that has the carbon number of 2 to 4 (for 
example, acetyl, propionyl, butyryl, isobutyryl orthe like), an alkylsulfonyl that has the carbon number of 1 to 4 (for 
example, methanesulfonyl, ethanesulfonyl orthe like) orthe like is exemplified); and 

(6) an aryl that may be substituted (for example, phenyl, naphthyl or the like is exemplified). 

45 

[0064] Examples of the substituents that may be possessed by (1 ) an alkyl that may be substituted, (2) a cycloalkyl 
that may be substituted, (3) an alkenyl that may be substituted, (4) a cycloalkenyl that may be substituted, (5) an acyl 
that may be substituted and (6) an aryl that may be substituted, which are described above, include a halogen (for 
example, fluorine, chlorine, bromine, iodine or the like), nitro, cyano, the hydroxy! group, the thiol group that may be 

so substituted (for example, thiol, a alkylthio or the like), an amino group that may be substituted (for example, amino, 
a mono-C^ alkylamino, a di-C^ alkylamino, a 5- to 6-membered cyclic ring amino such as tetrahydropyrrole, piper- 
azine, piperidine, morpholine, thiomorpholine, pyrrole, imidazole or the like, or the like), the carboxyl group that may 
be esterified or amidated (for example, carboxyl, a C 1-4 alkoxycarbonyl, carbamoyl, a mono-C^ alkylcarbamoyl, a 
di-C^ alkylcarbamoyl or the like), a alkyl that may be halogenated (for example, trifluoromethyl, methyl, ethyl or 

55 the like), a alkoxyl that may be halogenated (for example, methoxy, ethoxy, propoxy, butoxy, trifluoromethoxy, 
trifluoroethoxy or the like, formyl, a C 2 ^ alkanoyl (for example, acetyl, propionyl or the like), a O,^ alkylsulfonyl (for 
example, methanesulfonyl, ethanesulfonyl orthe like) and the like, where the number of the substituents is preferably 
1 to 3. 
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[0065] The substltuents for "an amidino group that may be substituted" and "a guanidino group that may be substi- 
tuted" are exemplified by substituents similar to those for "an amino group that may be substituted, where the nitrogen 
atom may be converted into a quaternary ammonium or the N-oxide" that is indicated by R 2 . 
[0066] it is preferable that R 2 is (1 ) an amino group that may be substituted, where the nitrogen atom may be converted 
into a quaternary ammonium or the N-oxide, (2) a nitrogen-containing, heterocyclic ring group that may be substituted 
and may contain the sulfur atom or the oxygen atom as a ring-constituting atom, where the nitrogen atom may be 
converted into a quaternary ammonium or the N-oxide, (3) an amidino group that may be substituted or (4) a guanidino 
group that may be substituted and it is more preferable that R 2 is an amino group that may be substituted, where the 
nitrogen atom may be converted into a quaternary ammonium or the N-oxide, or the like. Also, R 2 may be an amidino 
group that may be substituted or a guanidino group that may be substituted. 

[0067J It is more preferable that R 2 is -NRR" or-N + RR'R" (wherein each of R, R' and R" indicates an aliphatic hydro- 
carbon group (an aliphatic-chain hydrocarbon group and an aliphatic, cyclic hydrocarbon group) that may be substituted 
or an alicyclic (non-aromatic), heterocyclic ring group that may be substituted). 

[0068] In the above-mentioned formula, "an aliphatic hydrocarbon group that may be substituted" and "an alicyclic, 
heterocyclic ring group that may be substituted", which are indicated by R, R' and R\ are exemplified by substituents 
similar to "an aliphatic hydrocarbon group that may be substituted (for example, an alkyl, a cycloaikyl, an alkenyl, a 
cycloalkenyl or the like, each of which may be substituted)" and "an alicyclic, heterocyclic ring group that may be 
substituted (for example, a 5- to 6-membered, non-aromatic, heterocyclic ring that may be substituted or the like)", 
which are exemplified by as the substituents that may be possessed by "an amino group that may be substituted" 
indicated by R 2 . 

[0069] Especially, as for R and R\ an aliphatic hydrocarbon group that may be substituted (for example, an alkyl, an 
alkenyl or the like, each of which may be substituted) is preferable, a alkyl group that may be substituted is more 
preferable and the methyl that may be substituted is particularly preferable. 

[0070] It is preferable that R" is an aliphatic hydrocarbon group that may be substituted (preferably, a C 3 ^ cycloaikyl 
group that may be substituted; more preferably, a cyclohexyl that may be substituted) or an alicyclic, heterocyclic ring 
group that may be substituted (preferably, a saturated alicyclic, heterocyclic ring group that may be substituted (pref- 
erably, a 6-membered cyclic ring group); more preferably, tetrahydropyranyl that may be substituted, tetrahydrothi- 
opyranyl that may be substituted or piperidyl that may be substituted; and particularly preferably, tetrahydropyranyl 
that may be substituted). 

[0071] The following compounds are preferable as the compounds represented by formula (I). 

N-[4-[N-Methyl-N-(tetrahydropyran ( ■) -dioxo-2,3-dihy- 

dro-1-benzothiepine-4-carboxamide; 

N-[4-[N-methyl-N-(tetrahydropyran-4-yl)am^ 

1 -benzothiepine-4-carboxamide; 

N-[4-[N-methyl-N-(tetrahydropy™ 

1 -benzothtepine-4-carboxamide; 

N-[4-[N-methyl-N-(tetrahydropyr 

1 -benzothiepine-4-carboxamide; 

N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]phenyl]-7-[(4-ethoxybenzyI)oxy]-1,1-dioxo-2,3-dihydra 
1 -benzothiepine-4-carboxamide; 

N-[4-[N-methyl-N-(tetrahydropyra^ 

hydro- 1-benzothiepine-4-carboxamide; 

N-[1 -(tetrahydropyran-4-yl) piperidin-4-yl]-7-(4-phenyl)-2,3-di hydro- 1 -benzooxepine-4-carboxamide; 
N-[4-[(2-imidazolin-2-yI)methyl]pheny^ 

N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]phenyl]-7-[(4-propoxyphenyl)methoxy]-1,1-dioxo-2 I 3-di 
dro-1-benzothiepine-4-carboxamide; 

N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]phenyl]-7-[(4-propoxyethoxyphenyl)methoxy]-1,1-dioxo- 
2,3-dihydro-1 -benzothiepine-4-carboxamide; 

N-[4-[N-memyl-N-(tetrahydropyran-4-yl)aminomethylJphenylJ-7-[3-(4-propoxyphenyl)propoxy]-1,1-dio 
hydro-1 -benzothiepine-4-carboxamide; and the like. 

[0072] As for a salt of any of the compounds represented by formula (I) of the present invention, a pharmaceutical^ 
permissible salt is preferable and is exemplified by a salt with an inorganic base, a salt with an organic base, a salt 
with an inorganic acid, a salt with an organic acid, a salt with a basic or acidic amino acid and the like. Preferable 
examples of a salt with an inorganic base include an alkali metal salt such as the sodium salt, the potassium salt and 
the like; an alkaline earth metal salt such as the calcium salt, the magnesium salt and the like; as well as the aluminum 
salt, the ammonium salt and the like. Preferable examples of a salt with an organic base include salts with any of 
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trimethylamine, triethylamine, pyridine, picoline, ethanolamine, diethanolamine, triethanolamine, dicyclohexylamine, 
N,N'-dibenzylethylenediamine and the like. Preferable examples of a salt with an inorganic acid include salts with any 
of hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid and the like. Preferable examples of 
a salt with an organic acid include salts with any of formic acid, acetic acid, trifluoroacetic acid, fumaric acid, oxalic 

5 acid, tartaric acid, maieic acid, citric acid, succinic acid, malic acid, methanesulfonic acid, benzenesulfonic acid, p- 
toluenesulfonic acid and the like. Preferable examples of a salt with a basic amino acid include salts with any of arginine, 
lysine, ornithine and the like, and preferable examples of a salt with an acidic amino acid include salts with any of 
aspartic acid, glutamic acid and the like. The compounds represented by formula (I) of the present invention may be 
in the form of hydrates or may be in the form of non-hydrates. Also, in the case where any of the compounds represented 

10 by formula (I) of the present invention exists in configu rational isomers, diastereomers, conformers or the like, they 
can be separated into each isomer according to a well-known, separation/purification means. Also, in the case where 
any of the compounds represented by formula (I) of the-present invention is in the form of racemates, they may be 
separated according to a conventional optical resolution means into the (S) form and the (R) form, where each of the 
optically active compounds and the racemates is encompassed in the present invention. 

is [0073] The prodrug of any of the compounds represented by formula (I) to be employed in the present invention or 
a salt thereof [hereinafter, it may be designated as compound (I).] refers to a compound that is converted into compound 
(I) by a reaction with an enzyme, gastric acid or the like under a physiological condition in the living body, namely, a 
compound that is converted into compound (I) by oxidation, reduction, hydrolysis or the like, each of which is carried 
out enzymatically, and a compound that is converted into compound (I) by hydrolysis with gastric acid or the like. 

20 Examples of the prodrug of compound (I) include a compound, wherein the amino group in compound (I) is acytated, 
alkylated or phosphorylated (for example, a compound, wherein the amino group in compound (I) is converted into 
eicosanoylamino, alanylamino, pentylaminocarbonylamino, (5-methyl-2-oxo-1 ,3-dioxolan-4-y0methoxycarbonylami- 
no, tetrahydrofuranylamino, pyrrolidylmethylamino, pivaloyloxymethylamino or tert-butylamino, or the like); a com- 
pound, wherein the hydroxy! group in compound (I) is acylated, alkylated, phosphorylated or converted into the borate 

25 (for example, a compound, wherein the hydroxyl group in compound (I) is converted into acetyloxy, palmitoyloxy, pro- 
panoyloxy, pivaloyloxy, succinyloxy, fumaryloxy, alanyloxy, or dimethyiaminomethylcarbonyloxy, or the like); a com- 
pound, wherein the carboxyl group in compound (I) is esterified or amidated (for example, a compound, wherein the 
carboxyl group in compound (I) is subjected to ethyl esterification, phenyl esterification, carboxyoxymethyl esterifica- 
tion, dimethylaminomethyl esterification, pivaloyloxymethyl esterification, ethoxycarbonyloxy ethyl esterification, 

30 phthalidyl esterification, (5-methyl-2-oxo-1 ,3-dioxolan-4-yl)methyl esterification, cyclohexyloxycarbonyl esterification, 
or conversion into the methyl amide, or the like); and the like. These compounds can be produced from compound (I) 
according to a well-known method. 

[0074] Moreover, the prodrug of compound (I) may be a compound that is converted into compound (I) under a 
physiological condition as described in "Development of Drugs", Volume 7, Molecular Design, Hirokawa Shoten, 1990; 
35 pages 163-198. 

[0075] Also, compound (I) may be labeled with an isotope (for example, 3 H, 14 C, ^S, 125 l or the like) or the like. 
[0076] Any of the compounds represented by formula (I) of the present invention or a salt thereof (hereina-fter, in 
the case where it abbreviated as compound (I), a salt thereof as well as any of the compounds represented by formula 
(I) and a salt thereof shall be included) can be alone, or by compounding with a pharmaceutically permissible carrier, 
40 orally or parenterally administered as a solid formulation such as a tablet, a capsule, a granule, a powder or the like; 
or a liquid formulation such as a syrup, an injection or the like. 

[0077] The parenterally administered form is exemplified by an injection, a drip, a suppository, a pessary and the 

like, where a pessary is particularly useful for the prophylaxis of the HIV infectious diseases. 

[0078] As for the pharmaceutically permissible carrier, any of a variety of organic or inorganic carrier substances, 

45 which have been conventionally employed as formulation materials, is used and compounded as a bulking agent, a 
lubricant, a binding agent and a disintegrator in a solid formulation; a vehicle, a solubilizing agent, a suspending agent, 
an isotonicity agent, a buffering agent and an analgesic in a liquid formulation. Also, as needed, formulation exctpients 
such as a preservative, an antioxidant, a stabilizer, a coloring agent, a sweetening agent and the like can be used. 
Preferable examples of the bulking agent include, for example, lactose, sucrose, D-mannitol, starch, crystalline cellu- 

so lose, light anhydrous silicic acid and the like. Preferable examples of the lubricant include, for example, magnesium 
stearate, potassium stearate, talc, colloidal silica and the like. Preferable examples of the binding agent include, for 
example, crystalline cellulose, sucrose, D-mannitol, dextrin, hydroxypropyl cellulose, hydroxypropylmethyl cellulose, 
polyvinyl pyrrolidone and the like. Preferable examples of the disintegrator include, for example, starch, carboxymethyl 
cellulose, calcium carboxymethyl cellulose, croscarmellose sodium, sodium carboxymethyl starch and the like. Pref- 

55 erable examples of the vehicle include, for example, water for injection, alcohol, propylene glycol, macrogol, sesame 
oil, com oil and the like. Preferable examples of the solubilizing agent include, for example, polyethylene glycol, pro- 
pylene glycol, D-mannitol, benzyl benzoate, ethanol, trisamiomethane, cholesterol, triethanolamine, sodium carbonate, 
sodium citrate and the like. Preferable examples of the suspending agent include, for example, a surface active agent 
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such as stearyltriethanolamine, sodium lauryl sulfate, laurylaminopropionic acid, lecithin, benzalkonium chloride ben- 
zethonium chloride, glycerin monostearate and the like; a hydrophilic, high molecular substance such as poKrvinyl 
alcohol, polyvinylpyrrolidone, sodium hydroxyethyl 
cellulose, hydroxypropyl cellulose and the like, and the like. Preferable examples of the isotonicity agent include for 
example, sodium chloride, glycerin, D-mannitol, and the like. Preferable examples of the buffering agent include' for 
example, a buffer solution of a phosphate, an acetate, a carbonate or a citrate and the like. Preferable examples of 
the analgesic include, for example, benzyl alcohol and the like. Preferable examples of the preservative include for 
example, paraoxybenzoic acid esters, chiorobutanol, benzyl alcohol, phenethyl alcohol, dehydroacetic acid sorbic 
acid and the like. Preferable examples of the antioxidant include, for example, sulfites, ascorbic acid and the like 
[0079] Any of the compounds represented by formula (I) of the present invention or a salt thereof may be employed 
in combination with another prophylactic/therapeutic agent of HIV infectious diseases (particularly a prophylactic/ther- 
apeutic agent of AIDS). In this case, these drugs can be formulated by compounding, separately or at the same time 
with a pharmacologically permissible carrier, a bulking agent, a binding agent, a diluent and the like, and the resulting 
preparation can be orally or parenteral^ administered as the pharmaceutical composition for the prophylaxis and/or 
therapeutics. In the case where the drugs are formulated separately, the separately formulated preparations can be 
administered by admixing by the use of a diluent at the time of usage, whereas each of the separately formulated 
preparations may be administered to the same subject at the same time or separately with a time difference A kit 
product for admimstenng the separately formulated preparations by admixing by the use of a diluent at the time of 
usage (for example, a kit for injection comprising ampoules, each containing a particular drug, and a diluent for dis- 
solving 2 or more kinds of drugs by admixing at the time of usage, or the like), a kit product for administering each of 
the separately formulated preparations to the same subject at the same time or separately with a time difference (for 
example, a kit for tablets, which encloses the tablets, each containing a particular drug, in a same bag or separate 
bags, as needed, fitted with a time field where the times for administration of the drugs are described and allows to 
administer 2 or more kinds of drugs at the same time or separately with a time difference, or the like) and the like are 
encompassed in the pharmaceutical compositions of the present invention. 

[0080] Specific examples of other prophylacticAherapeutic agents of HIV infectious diseases, which are to be em- 
ployed in combination with the compounds represented by formula (I) of the present invention or salts thereof include 
nucleic acid reverse transcriptase inhibitors such as zidovudine, didanosine, zalcitabine, lamivudine, stavudine 
abacavir, adefovir, adefovir dipivoxil, fozhvudine tidoxil and the like; non-nucleic acid reverse transcriptase inhibitors' 
such as nevirapine, delavirdine, efavirenz, loviride, immunocal, olitipraz and the like (contain drugs, which have an 
antioxidant action, such as immunocal, olitipraz and the like); protease inhibitors such as saquinavir, ritonavir indinavir 
nelfinavir, amprenavir, palinavir, lasinavir and the like; and the like. 

[0081] As for the nucleic acid reverse transcriptase inhibitors, zidovudine, didanosine, zalcitabine, lamivudine sta- 
vudine and the like are preferable, as for non-nucleic acid reverse transcriptase inhibitors, nevirapine, delavirdine and 
the like are preferable and as for the protease inhibitors, saquinavir, ritonavir, indinavir, nelfinavir and the like are 
preferable. 

[0082] Processes for the production of the compounds represented by formula (I) or salts thereof are shown in the 
following. 

[0083] The compounds represented by formula (I) or salts thereof can be produced according to the well-known 
processes. For instance, they can be produced according to the following processes. Also, the compounds represented 
by formula (I) or salts thereof can be produced according to the process described in Japanese Patent Kokai Publication 
No. 1 996-73476 or a modified process thereof. 

[0084] Compounds, which are to be used in each of the following production processes, may form salts similar to 
compounds (I), as far as the reactions are not disturbed. 

[0085] Also, in the case where a compound to be used as the raw material has an amino group, the carboxyl group 
and the hydroxy! group as substituents in each of the following reactions, such protective groups that are employed in 
general in the peptide chemistry may be introduced to these groups, where the objective compounds can be obtained 
by removal of the protecting groups after the reactions, as needed. 

[0086] As for the protective group for an amino group, there is employed, for example, a C, 6 alkylcarbonyl (for 
example, acetyl, propionyl or the like), formyl, a phenylcarbonyl, a alkyloxycarbonyl (for example, methoxycarb- 
onyl, ethoxycarbonyl, t-butoxycarbony! or the like), a phenyloxycarbonyl (for example, benzoxycarbonyl or the like) a 
C 7 . 10 aralkyloxycarbonyl (for example, benzyl oxycarbonyl or the like), trityl, phthaloyl or the like, each of which may 
have substituents. As forthese substituents, there is employed a halogen atom (for example, fluorine, chlorine bromine 
iodine or the like), a C,_ 6 alkylcarbonyl (for example, acetyl, propionyl, butyryl or the like), the nitro group or the like' 
where the number of the substituents is about 1 to 3. 

[0087] As for the protective group for the carboxyl group, there is employed, for example, a C 1 s alkyl (for example 
methyl, ethyl, propyl, isopropyl, butyl, tert-butyl or the like), phenyl, trityl. silyl or the like, each of which may have 
substituents. As for these substituents, there is employed a halogen atom (for example, fluorine, chlorine bromine 
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iodine or the like), a C,_ 6 alkylcarbonyl (for example, acetyl, propionyl, butyryl or the like), formyl, the nitro group or the 
like, where the number of the substituents is about 1 to 3. 

[0088] As for the protective group for the hydroxy! group, there is employed, for example, a alkyl (for example, 
methyl, ethyl, propyl, isopropyl, butyl, tert-butyl or the like), phenyl, a C^q aralkyl (for example, benzyl or the like), a 
C^e alkylcarbonyl (for example, acetyl, propionyl or the like), formyl, a phenytearbonyl, a Cy^ 0 aralkyloxycarbonyl (for 
example, benzyloxycarbonyl or the like), pyranyl, furanyl, silyl or the like, each of which may have substituents. As for 
these substituents, there is employed a halogen atom (for example, fluorine, chlorine, bromine, iodine or the like), a 

alkyl, phenyl, a C^q aralkyl, the nitro group or the like, where the number of the substituents is about 1 to 4. 
[0089] Also, as for the methods for introduction and removal of the protective groups, the well-known methods or 
modified methods thereof [for example, methods described in PROTECTIVE GROUPS IN ORGANIC SYNTHESIS (by 
J. F. W. McOmie et al., Plenum Press Company) are employed, where methods to treat with, for example, an acid, a 
base, a ultraviolet light, hydrazine, phenylhydrazine, sodium N-methyldithiocarbamate, tetrabutylammonium fiuoride, 
palladium acetate or the like are employed as the methods for removal. 



[0090] Compound (I) or a salt thereof can be produced, according to the reaction shown below, by reacting compound 
[II] or a salt thereof with compound [III] or a salt thereof. 



[wherein a group, which reacts with the substituent Xb 2 in compound [III] or a salt thereof to form X 2 , is indicated by 
Xa 2 (for example, the carboxyl group or the like) and a group, which reacts with the substituent Xa 2 in compound [II] 
or a salt thereof to form X 2 , is indicated by Xb 2 (for example, the amino group or the like) and other symbols have the 
same meanings as mentioned hereinabove.] 

[0091 ] In the following is shown the production process in the case where Xa 2 is the carboxyl group, Xb 2 is the amino 
group and X 2 is -CO-NH-. 



[Method A] 





W— X— Z— Z— R 2 




R— X— W — COOH 



H 2 N — Z— Z— R 2 





R— X— W — C — N — 



1 1 2 

Z—l—R 



condensation 



II I 



0 H 
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[each symbol of the formula has the same meaning as mentioned hereinabove] 

[0092] In the present method, compound [1-1] is produced be reacting a carboxylic acid derivative [11-1 1 with an amine 
derivative [1 11-1]. 

[0093] The condensation reaction of [11-1] and [HI-1] is carried out according to a conventional means for peptide 
synthesis. Said means for peptide synthesis may be followed by an optional known method, a method described in, 
for example, M. Bodansky and M. A. Ondetti, Peptide Synthesis, Interscience, New York, 1996; F. M. Finn and K 
Hofmann, The Proteins, Volume 2, H. Nenrath and R. L Hillor, Ed., Academic Press Inc., New York, 1976- Nobuo 
Izumiya et al. "Bases and Experiments for Peptide Synthesis", Maruzen Kabushiki Kaisha, 1985, or the like, as exem- 
plified by the azide method, the chloride method, the acid anhydride method, the mixed acid anhydride method the 
DCC method, the active ester method, the method by the use of Woodward reagent K, thecarbonyl diimidazole method 
the oxidation-reduction method, the DCC/HONB method or the like, as well as the WSC method, the method by the 
use of diethyl cyanophosphonate or the like. The present condensation reaction can be carried out in a solvent. The 
solvent is exemplified by, for example, N,N-dimethylformamide, dimethyl sulfoxide, pyridine, chloroform, dichlorometh- 
ane, tetrahydrof uran, dioxane, acetonitrile or an adequate mixture of these solvents. The reaction temperature is usually 
about -20°C to about 50°C. preferably about -10°C to about 30*C. The reaction time is usually about 2 hour to about 
40 hours. The thus-obtained compound (1-1) can be subjected to isolation and purification according to the known 
separation and purification means such as concentration, concentration under reduced pressure, solvent extraction 
crystallization, recrystallization, trans-solubilization, chromatography and the like. 

[Method B] 
[0094] 



R— X— W— X— Z— Z— R z 

[I-2] 



(1) ammonium formation 

(2) tert-amination 

(3) reductive amination or 

(4) oxidation 



[1 ] In the case where represented in compound [I-2] is, for example, a tertiary amine residue, quaternary compound 
[I'] can be produced by reacting compound [I-2] with a halogenated alkyl or a halogenated aralkyl. Herein, the halogen 
atom is exemplified by chlorine, bromine, iodine or the like, and a halogenated alkyl (for example, a halogenated, lower 
(C^) alkyl or the like) or a halogenated aralkyl (for example, a halogenated, lower (C v 4) alkylphenyl or the like) is 
used usually in an amount of about 1 to 5 moles per one mole of compound [1-2]. The present reaction can be carried 
out in an inactive solvent, as exemplified by, for example, toluene, benzene, xylene, dichloromethane, chloroform 
1 ,2-dichioroethane, dimethylformamide (DMF), dimethyl acetamide or a mixed solvent thereof. The reaction temper- 
ature is a temperature range of about 1 0°C to about 1 60°C, preferably about 20°C to about 120°C The reaction time 
is usually about one hour to about 1 00 hours, preferably, about 2 hours to about 40 hours. In addition, the present 
reaction is carried out preferably under an atmosphere of an inert gas (for example, nitrogen, argon or the like) 
[2] In the case where R* represented in compound [I-2] is, for example, a secondary amine residue, tertiary compound 
[11 can be produced by reacting compound [1-2] with a halogenated alkyl or a halogenated aralkyl. Herein, the halogen 
atom is exemplified by chlorine, bromine, iodine or the like, and a halogenated alkyl or a halogenated aralkyl is used 
usually in an amount of about 1 to 2 moles per one mole of compound [1-2]. This reaction can be allowed to proceed 
smoothly, as needed, by addition of an about equimolar amount to 3 molar amount of a base such as triethylamine 
diisopropylethylamine, pyridine, lithium hydride, sodium hydride, sodium methoxide, sodium ethoxide, sodium carbon- 
ate, potassium carbonate, sodium hydrogen carbonate or the like, and further by addition of sodium iodide potassium 
iodide or the like. 

[0095] The present tertiary amination reaction can be carried out in an inactive solvent, as exemplified by, for example, 
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methanol, ethano!, propanol, isopropanol, n-butanol, tetrahydrofuran, diethyl ether, dimethoxyethane, 1 ,4-dioxane, tol- 
uene, benzene, xylene, dichloromethane, chlorofomi, 1 ,2-dichloroethane, dimethylformamlde (DMF), dimethyl sulfox- 
ide (DMSO), pyridine or the like, or a mixed solvent thereof. The reaction temperature is a temperature range of about 
0°C to about 1 80°C for about one hour to about 40 hours. In addition, the present reaction is carried out preferably 

5 under an atmosphere of an inert gas (for example, nitrogen, argon or the like). 

[3] In the case where R 2 " represented in compound [1-2] is, for example, a secondary amine residue, tertiary compound 
[II can be produced by reacting compound [1-2] with an aldehyde compound in the presence of a reductive animation 
reagent such as sodium triacetoxyborohydride, sodium cyanoborohydride, sodium borohydride or the like. It is prefer- 
able that the reaction conditions of the present reductive amination reaction are altered depending on the reagent to 

10 be used, where, for instance, in the case where sodium triacetoxyborohydride is used, the reaction can be carried out 
in an inactive solvent, as exemplified by, for example, dichloromethane, chloroform, 1 ,2-dichloroethane, tetrahydrofuran 
(THF). diethyl ether, dioxane, acetonitrile, dimethylformamide (DMF) or the like, or a mixed solvent thereof. The present 
reagent is used in an amount of about 1 to 2 molar equivalents per one mole of compound [I-2]. The reaction is carried 
out usually at a temperature range of about 0°C to about 80°C for about one hour to about 40 hours. In addition, the 

15 present reaction is carried out preferably under an atmosphere of an inert gas (for example, nitrogen, argon or the like). 
[4] In the case where R 2 " represented in compound [I-2] is, for example, a sulfide residue or a tertiary amine residue, 
compound [I'] having the sulfinyl group, the sulfonyl group or the amine oxide group can be produced by reacting 
compound [I-2] with an oxidizing agent such as m-chloroperbenzoic acid, perbenzotc acid, paranitroperbenzoic acid, 
magnesium monoperoxyphthalate, peracetic acid, hydrogen peroxide, sodium periodate, potassium periodate or the 

20 like. It is preferable that the reaction conditions of this oxidation reaction are altered depending on the oxidizing reagent 
to be used, where, for instance, in the case where m-chloroperbenzoic acid is used, the reaction can be carried out in 
an inactive solvent, as exemplified by, for example, dichloromethane, chloroform, 1 ,2-dichloroethane, tetrahydrofuran, 
acetone, ethyl acetate or the like, or a mixed solvent thereof. The oxidizing reagent is used in an amount of about 1 to 
3 molar equivalents per one mole of compound [1-2]. The reaction is carried out usually at a temperature range of 

25 about-20°C to about 80°C, (preferably, about -25°C to about 25°C for about one hour to about 40 hours. 

[Method C] 
[0096] 

30 

R 1 — X— W — X— Z— Z— V [ 1 V] 

35 



(1) ammonium formation 

(2) phosphonium formation t , , . 0 

- R— X— W— X— Z— Z— R 2 Cl'] 

or 

(3) replacement reaction 



45 v in compound [IV] indicates a halogen atom (for example, chlorine, bromine, iodine or the like) or a sulfonyloxy group 
(the methanesulfonyloxy group, the trifluoromethanesulfonyloxy group, the benzenesulfonyloxy group or the tolue- 
nesulfonyloxy group) and other symbols indicate the same meanings as indicated hereinabove. 
[1] Quaternary compound [H can be produced by reacting compound [IV] with a tertiary amine. The present reaction 
can be carried out in an inactive solvent, as exemplified by, for example, toluene, benzene, xylene, dichloromethane, 

so chloroform, 1 ,2-dichloroethane, dimethylformamide (DMF), dimethyl acetamide or the like, or a mixed solvent thereof. 
The tertiary amine is used in an amount of about 1 to 3 moles per one mole of compound [IV]. The present reaction is 
carried out at a temperature range of about 10°C to about 120°C for about one hour to about 40 hours. In addition, 
the present reaction is carried out preferably under an atmosphere of an inert gas (for example, nitrogen, argon or the 
like). 

55 [2] Quaternary compound [I'] can be produced by reacting compound [IV] with a tertiary phosphine. The present reaction 
can be carried out in an inactive solvent, as exemplified by, for example, toluene, benzene, xylene, dichloromethane, 
chloroform, 1 ,2-dichloroethane, acetonitrile, dimethylformamide (DMF) or the like, or a mixed solvent thereof. The 
tertiary phosphine is used in an amount of about 1 to 2 moles per one mole of compound [IV]. The present reaction is 
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carried out at a temperature range of about 20*C to about 150°C for about one hour to about 50 hours. In addition 
the present reaction is carried out preferably under an atmosphere of an inert gas (for example, nitrogen, argon or the 

[3] Compound ff] having a secondary or tertiary amino group or a thio group can be produced by reacting compound 
[IVJ with a primary or secondary amine compound or a thiol compound. The primary or secondary amine compound 
or the thiol compound is used usually in an amount of about 1 to 3 moles per one mole of compound [IVJ. This reaction 
can be allowed to proceed smoothly, as needed, by addition of an about equimolar amount to 3 molar amount of a 
base such as triethylamine, diisopropylethylamine, pyridine, lithium hydride, sodium hydride, sodium methoxide, so- 
dium ethoxide, sodium carbonate, potassium carbonate, sodium hydrogen carbonate orthe like, and further by addition 
of sodium iodide, potassium iodide orthe like. The present substitution reaction can be carried out in an inactive solvent 
as exemplified by, for example, methanol, ethanol, propanol, isopropanol, n-butanol, tetrahydrofuran, diethyl ether' 
dimethoxyethane, 1 ,4-dioxane, toluene, benzene, xylene, dichloromethane, chloroform, 1 ,2-dichloroethane, dimethyl- 
formamide (DMF), dimethyl sulfoxide (DMSO), pyridine orthe like, or a mixed solvent thereof. The reaction is carried 
out at a temperature range of about-1 0°C to about 1 80°C for about one hour to about 40 hours. In addition, the present 
reaction is earned out preferably under an atmosphere of an inert gas (for example, nitrogen, argon or the like). 

[Method D] 
[0097] 



V — IV — X— Z— Z— R 2 [V] 



(1) condensation reaction 
with Pd catalyst 

{Suzuki reaction, etc) ,« t 2 -1 -2 _2' : ft » » 1 

- R — X— « — X— Z— Z— R Li ] 

(2) etherification reaction 
(Mitsunobu reaction, etc.) 

or 

(3) vinylation reaction 
(Wrttig reaction, etc.) 



[1] Compound [V] [wherein V indicates a halogen atom (for example, bromine, iodine orthe like) or a suffonyloxy group 
(the trrfluoromethanesulfonyloxy group orthe like) and other symbols indicate the same meanings as indicated here- 
inabove] is subjected to, for example, the Suzuki reaction [a cross condensation reaction of an arylboric acid and, for 
example, an aryl halide or an aryloxytrifluoromethanesulfonate by the use of a palladium catalyst; A. Suzuki et al 
Synth. Commun. 1981, 11 , 513] to be able to produce compound [I"], wherein X' indicates a bond and Ri' indicates a 
5- to 6-membered, cyclic ring aromatic group. Compound [I"] can be obtained by the use of an arylboric acid in an 
about equimolar amount to 1 .5 molar amount per one mole of compound [V], 

[0098] Also, compound [V] is subjected to, for example, a cross condensation reaction with an arylacetylene com- 
pound in the presence of a palladium catalyst [dichiorobis(triphenylphosphine)palladium orthe like] [K S Y. Lau et 
al., J. Org. Chem. 1981, 4 6, 2280; J. W. Tilley, S. Zawoisky, et al., J. Org. Chem. 1988, 53, 386] to be able to produce 
compound [I"] having an acetylenic bond, wherein Xi indicates -C-C-. Compound [I"] can be obtained by the use of 
an arylacetylene compound, usually, in an about equimolar amount to 2 molar amount per one mole of compound [V] 
[2] Compound [V] [wherein V indicates the hydroxyl group and other symbols indicate the same meanings as indicated 
hereinabove] is subjected to, for example, the Mitsunobu reaction [the etherification reaction by the use of a condensing 
agent such as, for example, triphenylphosphine and diethyl azodicarboxylate; O. Mitsunobu, et al., Synthesis 1981 
1] to be able to produce compound [I"] having an ether bond. Compound [I"] can be obtained by the use of the coTnl- 
sponding alcohol compound or phenol compound in an about equimolar amount to 3 molar amount per one mole of 
compound [V]. 

[0099] In addition, compound [I"] having an ether bond can be produced also by the etherification reaction of com- 
pound [V] with a reactive compound such as a halo (chloro, iodo orthe like) compound, atosylate compound, a mesylate 
compound or the like. Said reactive compound is used usually in an about equimolar amount to 3 molar 'amount per 
one mole of compound [V]. This reaction can be allowed to proceed smoothly, as needed, by addition of an about 
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equimolar amount to 3 molar amount of a base such as triethylamine. diisopropylethylamine, pyridine, lithium hydride, 
sodium hydride, sodium hydroxide, potassium hydroxide, sodium methoxide, sodium ethoxide, sodium carbonate, po- 
tassium carbonate, sodium hydrogen carbonate or the like, and further by addition of sodium iodide, potassium iodide 
or the like. The present substitution reaction can be carried out in an inactive solvent, as exemplified by, for example, 
5 tetrahydrofuran, diethyl ether, dimethoxyethane, 1 ,4-dioxane, toluene, benzene, xylene, dichloromethane, chloroform, 
1 ,2-dichloroethane, dimethylformamide (DMF), dimethyl sulfoxide (DMSO), pyridine or the like, or a mixed solvent 
thereof. The reaction is carried out at a temperature range of about- 1 0°C to about 1 80°C for about one hour to about 
40 hours. In addition, the present reaction is carried out preferably under an atmosphere of an inert gas (for example, 
nitrogen, argon or the like). 

10 [3] Compound [V] [wherein V indicates the carbonyl group or a phosphonium salt, each of which may be substituted, 
or a phosphorous acid ester residue and other symbols indicate the same meanings as indicated hereinabove] is 
subjected to, for example, the Wittig reaction [A. Maercker, Org. React. 14, 270 (1965)] or the Wittig-Homer-Emmons 
reaction [J. Boutagy, R. Thomas, Chem. Rev., 74, 87 (1 974)] to be able to produce compound [I"] having a vinyl bond. 
The corresponding carbonyl compound or phosphonium salt, or the phosphorous acid ester residue is used usually, 

is in an about equimolar amount to 1 .5 molar amount per one mole of compound [V]. 

[Method E] 
[0100] 

20 



R 1 — X— W— X— Z— Z— V ' [VI] 

25 



(1) amidtno formation ^ } ^ ^ ^2 -£ R 2* ' [| ' 1 1 ] 

30 lr~ 

(2) guamidino formation 

[1] First, compound [VI] [wherein V 1 ' indicates the cyano group and other symbols indicate the same meanings as 

35 indicated hereinabove] is reacted with a lower alcohol such as methanol, ethanol, propanol or the like in the presence 
of an acid such as hydrochloric acid or the like to obtain an imidate compound. The present reaction is carried out 
usually by the use of an excess amount of the above-mentioned alcohol at a temperature range of about -10°C to 
about 50°C for about one hour to about 40 hours. Also, the present reaction can be carried out in an inactive solvent, 
as exemplified by, for example, diethyl ether, 1 ,4-dioxane, toluene, benzene, xylene, dichloromethane, chloroform, 

40 1 ,2-dichloroethane or the like, or a mixed solvent thereof. 

[01 01 ] Next, the thus-obtained imidate compound is subjected to the substitution reaction with a primary or secondary 
amine compound to be able to produce an amidine compound [I"']. The primary or secondary amine compound is used 
usually in an amount of about 1 to 5 moles per one mole of the imidate compound. This reaction can be allowed to 
proceed smoothly, as needed, by addition of an about equimolar amount to 3 molar amount of a desalting agent such 

<5 as triethylamine, pyridine, sodium hydroxide, potassium hydroxide, sodium methoxide, sodium ethoxide, sodium car- 
bonate, potassium carbonate or the like. The present substitution reaction can be carried out in an inactive solvent, as 
exemplified by, for example, methanol, ethanol, propanol, isopropanol, n-butanol, tetrahydrofuran, diethyl ether, dimeth- 
oxyethane, 1 ,4-dioxane, toluene, benzene, xylene, dichloromethane, chloroform, 1 ,2-dichloroethane, dimethylforma- 
mide (DMF), dimethyl sulfoxide (DMSO), pyridine or the like, or a mixed solvent thereof. The reaction is carried out at 

so a temperature range of about 0°C to about 1 50°C for about one hour to about 50 hours. In addition, the present reaction 
is carried out preferably under an atmosphere of an inert gas (for example, nitrogen, argon or the like). 
[2] Compound [VI] [wherein V" indicates the amino group and other symbols indicate the same meanings as indicated 
hereinabove] is subjected to the substitution reaction with an S-alkyl (for example, methyl, ethyl or the like)-isothiourea 
compound to be able to produce a guanidine compound [l m ]. The S-alkyl-isothiourea compound is used usually in an 

55 equimolar amount to about 2 molar amount per one mole of compound [VI], This reaction can be allowed to proceed 
smoothly, as needed, by addition of an about equimolar amount to 3 molar amount of a desalting agent such as tri- 
ethylamine, pyridine, sodium hydroxide, potassium hydroxide, sodium methoxide, sodium ethoxide, sodium carbonate, 
potassium carbonate or the like. The present substitution reaction can be carried out in an inactive solvent, as exem- 
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plrfied by, for example, methanol, ethanol, propanol, isopropanol, n-butanol, tetrahydrofuran, diethyl ether, dimethox- 
yethane, 1 ,4-dioxane, toluene, benzene, xylene, dichloromethane, chloroform, 1 ,2-dichloroethane, dimethylformamide 
(DMF), dimethyl sulfoxide (DMSO), pyridine or the like, or a mixed solvent thereof. The reaction is carried out at a 
temperature range of about 0°C to about 150°C for about one hour to about 50 hours. In addition, the present reaction 
is earned out preferably under an atmosphere of an inert gas (for example, nitrogen, argon or the like). 
[0102] The thus-obtained compound (I) can be subjected to isolation and purification according to the known sepa- 
ration and purification means such as concentration, concentration under reduced pressure, solvent extraction, crys- 
tallization, recrystallization, trans-sol ubilizati on, chromatography and the like. 

[0103] Compound [11-1] to be used as the starting material can be produced according to a known process (for 
instance, the process described in Japanese Patent Kokai Publication No. 1 996-73476 or the like) or a modified process 
thereof, where, for instance, the material can be produced according to the process shown in reaction scheme I as 
well as the process indicated in Reference Examples described hereinafter or a modified process thereof 



Reaction Scheme T 
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CM'] 



20 [wherein R 9 indicates a alkyl group, Y" indicates a bivalent group without an unsaturated bond, through which ring 
B forms a 5- to 7-membered cyclic ring, and other symbols indicate the same meanings as indicated hereinabove.] 
[0104] In the present process, first, a compound represented by formula [VII] is heated with polyphosphoric acid, or 
compound [VII] is treated with thionyl chloride, oxafyl chloride, phosphorus pentachloride or the like to be converted 
into the corresponding acid chloride, which is then subjected to cyciization by the conventional Friedel-Crafts reaction 

25 to produce compound [ill]. Next, compound [III] is reacted with a carbonic acid ester in the presence of a base to 
produce a keto ester [IX]. Compound [IX] is converted into compound [X] by catalytic hydrogenation or the reduction 
reaction with sodium borohydride or the like. Compound [X] is subjected to the dehydration reaction according to a 
conventional method to produce an unsaturated carboxylic acid ester [XI], which is then subjected to the ester-hydrol- 
ysis reaction to produce an unsaturated carboxylic acid [IT]. 

30 [0105] Of compound [II] to be used as the starting material, a compound wherein Xa 2 is not the carboxylic acid (for 
example, compound [II] wherein Xa 2 is the chlorosulfonyl group, the hydroxymethyl group, a halo (chloro or bromo) 
methyl group, the formyl group, the acetamido group or the like) can be produced according to the process shown in 
reaction scheme II as well as the process indicated in Reference Examples described hereinafter or a modified process 
thereof. 
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Reaction Schgmg TT 




CM'] 
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[Me'] 

| acid hydrolysis 



R 




[i in 



[each of the symbols in the formula indicates the same meaning as indicated hereinabove.] 

[0106] The sulfonyl chloride compound [ll'a] can be produced by subjecting a compound represented by formula 
[VIII] to the reduction according to a conventional method (the reduction with sodium borohydride or by catalytic hy- 
drogenation or the like) followed by the dehydration reaction to produce compound [XII], which is subjected to the 
reaction with sulfuryl chloride. 

[0107] The hydroxymethyl compound [ll'b] can be produced by subjecting an ester compound represented by formula 
[XI] to the reduction according to a conventional method (the reduction with sodium borohydride, lithium aluminum 
hydride, diisobutylaluminum hydride (DIBAL) or the like). The thus-obtained hydroxymethyl compound [ll'b] is subjected 
to the chlorination reaction with thionyl chloride or the like, or to the bromination reaction with triphenyiphosphine- 
carbon tetrabromide or the like to be able to produce the halomethy! compound [ll*c]. 

[0108] Also, the formyl compound [ll'd] can be produced by subjecting a hydroxymethyl compound to the oxidation 
reaction with activated manganese dioxide or the like. 

[0109] Furthermore, the amine compound [lit] can be produced by subjecting a carboxylic acid compound repre- 
sented by formula [II 1 ] to the rearrangement reaction according to a conventional method with, for example, diphenyl- 
phosphoric acid amide (DPPA)-t-butanol to produce a urethane compound [ire], which is then subjected to the acid- 
hydrolysis reaction. 
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[01 10] The thus-obtained compound pi'a], [||«b], [ir c ], [IPcQ, [ire] or [111] and a compound represented by formula [III] 
are subjected to a variety of the above-mentioned reactions such as the amidation reaction, the tertiary amination 
reaction, the reductive amination reaction, the vinylation reaction, the etherification reaction, the alkylation (aralkylation) 
reaction and the like to be able to be converted into the compounds represented by formula (I) wherein X* is not the 
carbonylamido group. 

[01 1 1] In addition, compound [111-1] also can be produced according to a known process (for instance, the process 
described in Japanese Patent Kokai Publication No. 1996-73476 or the like) or a modified process thereof, where, for 
instance, the material can be produced according to the process shown in reaction scheme III as well as the process 
indicated in Reference Examples described hereinafter or a modified process thereof. 



Reaction Srh^mg Trr 



0,N— Z— Z— R 2 [XIII] 



2 

reduction 



- H 2 N — Z- — Z- — R ! [I"'] 



[each of the symbols in the formula indicates the same meaning as indicated hereinabove.] 

[01 1 2] The reduction reaction of compound [1 1 1] can be carried out according to the well-known meth ods. For instance 
the reduction with a metal, the reduction with a metal hydride, the reduction with a metal hydride complex, the reduction 
with diborane and a substituted diborane, catalytic hydrogenation or the like. In other words, this reaction is carried 
out by treating compound [XIII] with a reducing agent. The reducing agent is exemplified by a metal and a metallic salt 
such as a metal such as reduced iron, zinc powder or the like, an alkaline metal borohydride (for example, sodium 
borohydnde, lithium borohydride or the like), a metal hydride complex such as lithium aluminum hydride or the like a 
metal hydride such as sodium hydride or the like, an organotin compound (such as triphenyltin hydride or the like)' a 
nickel compound, a zinc compound or the like, a catalytic hydrogenation agent by the use of a transition -metal catalyst 
such as platinum, rhodium or the like and hydrogen, diborane and the like, where a catalytic hydrogenation agent by 
the use of a transition -metal catalyst such as platinum, rhodium or the like and hydrogen as well as the reduction with 
a metal such as reduced iron or the like are advantageously carried out. The reaction is carried out in an organic solvent 
that is inert to the reaction. As for said solvent to be used, there is selected appropriately, depending on the kind of the 
reducing agent, from, for example, benzene, toluene, xylene, chloroform, carbon tetrachloride, dichloromethane 
1,2-dichloroethane, 1,1,2,2-tetrachloroethane, diethyl ether, tetrahydrofuran, dioxane, methanol, ethanol, propanoi' 
isopropanol, 2-methoxyethanol, N,N-dimethyrformamide, acetic acid or a mixed solvent thereof. The reaction temper- 
ature is about -20°C to about 1 50°C, particularly preferably, about -0°C to about 1 00°C, and the reaction hour is about 
one hour to about 24 hours. 

[0113] The thus-obtained compound (III') can be subjected to isolation and purification according to the known sep- 
aration and purification means such as concentration, concentration under reduced pressure, solvent extraction crys- 
tallization, recrystallization, trans-solubilization, chromatography and the like. 

[01 1 4] Because any of the compounds represented by formula (I) of the present invention or a salt thereof possesses 
a potent CCR5 antagonistic action, it is employed for the prophylaxis and the therapeutics of a variety of HIV infectious 
diseases in the human, for example, AIDS. Any of the compounds represented by formula (I) of the present invention 
or a salt thereof is of a low toxicity and can be employed safely. 

[01 1 5] Any of the compounds represented by formula (I) of the present invention or a salt thereof can be employed 
as a CCR5 antagonistic agent, for instance, as a prophylactic and therapeutic agent of AIDS and a depressant against 
the pathologic progress of AIDS. 

[01 16] The daily dosage of any of the compounds represented by formula (I) or a salt thereof is different depending 
on the condition and the weight of the patient as well as the administration method, where, in the case of the oral 
administration, the dosage as the active ingredient [any of the compounds represented by formula (I) or a salt thereof] 
per an adult (a body weight of 50 kg) is about 5 mg to 1 000 mg, preferably about 1 0 mg to 600 mg, further preferably 
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about 10 mg to 300 mg, particularly preferably about 15 to 150 mg, where the daily dosage is administered once or 
with being divided in 2 to 3 times. 

[0117] Also, in the case where any of the compounds represented by formula (I) or a salt thereof is employed in 
combination with a reverse transcriptase inhibitor and/or a protease inhibitor, the dosage of the reverse transcriptase 
5 inhibitor or the protease inhibitor is appropriately selected, for example, in a range of more than about 1/200 to 1/2 fold 
and less than 2 to 3 fold on the basis of the ordinary dosage. Furthermore, in the case where 2 or more kinds of drugs 
are employed in combination, when a drug affects the metabolism of other drugs, the dosage of each of the drugs is 
appropriately modulated, but the dosage of each of the drugs in the case of the administration as a single formulation 
is employed in general. 

10 [0118] The ordinary dosages of the representative reverse transcriptase inhibitors and protease inhibitors are indi- 
cated, for instances, in the following. 

Zidovudine: 1 00 mg 

Didanosine: 1 25 to 200 mg 
15 Zalcitabine: 0.75 mg 

Lam'rvudine: 150 mg 

Stavudine: 30 to 40 mg 

Saquinavir: 600 mg 

Ritonavir: 600 mg 
20 Indinavir: 800 mg 

Nelfinavin 750 mg 

[0119] In addition, in the following are shown the specific embodiments for the case where any of the compounds 
represented by formula (I) or a salt thereof is employed in combination with the reverse transcriptase inhibitor and/or 
25 the protease inhibitor. 

[1 ] About 1 0 to 300 mg of any of the compounds represented by formu la (I) or a salt thereof per an adult (a body weight 
of 50 kg) is administered to the same subject in a pattern of combination with about 50 to 200 mg of zidovudine. Each 
of the drugs may be administered respectively at the same time, or may be administered at a time difference within 12 
hours. 

30 [2] About 1 0 to 300 mg of any of the compounds represented by formula (I) or a salt thereof per an adult (a body weight 
of 50 kg) is administered to the same subject in a pattern of combination with about 300 to 1200 mg of saquinavir. 
Each of the drugs may be administered respectively at the same time, or may be administered at a time difference 
within 12 hours. 

35 Best Mode for Carrying out the Invention 

[0120] The present invention is embodied in more detail by the following Experimental Examples, Formulation Ex- 
amples, Reference Examples and Examples, but this embodiment is merely illustrative, and is not intended to restrict 
the present invention. 

40 [0121] The genetic engineering procedures described below were based on the methods described in the textbook 
(Maniatis, et al., Molecular Cloning, Cold Spring Harbor Laboratory, 1989) or the methods described in the protocols 
attached to the reagents. 

Examples 

45 

Experimental Examples 

(1) Cloning of human CCR5 chemokine receptor 

so [0122] CCR5 gene was cloned from human splenic cDNA by PGR method. With the use of 0.5 ng of splenic cDNA 
(Toyobo Co., Ltd., QUICK-Clone cDNA) as the template, the primer set, which were prepared by referring to the base 
sequence of the CCR5 gene reported by Samson et al. (Biochemistry 35 (11), 3362-3367 (1996)), 
Sequence Number 1 described in experimental example (1) of WO99/32100 [sequence length: 34; sequence type: 
nucleic acid; chain number: single chain; topology: linear; sequence species: other nucleic acid, synthetic DNA] and 

55 Sequence Number 2 described in experimental example (1) of WO99/32100 [sequence length: 34; sequence type: 
nucleic acid; chain number: single chain; topology: linear, sequence species: other nucleic acid, synthetic DNA] 
were added in amounts of 25 pmoi each, and the PCR reaction was carried out in a DNA Thermal Cycler 480 (Perkin- 
Elmer Corp.) by the use of TaKaRa EX Taq (Takara Shuzo Co., Ltd.) (reaction conditions: 30 cycles of treatments at 
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95°C for one minute, at 60°C for one minute and at 75°C for 5 minutes). The PCR product was electrophoresed on 
an agarose gel, a DNA fragment of about 1 .0 kb was recovered and then CCR5 gene was cloned by the use of Oriqinal 
TA Cloning Kit (Funakoshi Co., Ltd.). 

(2) Preparation of expression plasmid of human CCR5 

[0123] After the above-obtained plasmid was digested with restriction enzymes Xbal (Takara Shuzo Co., Ltd.) and 
BamHI (Takara Shuzo Co., Ltd.), the product was electrophoresed on an agarose gel to recover a DNA fragment of 
about 1 .0 kb. This DNA fragment and a plasmid pcDNA3.1 (Funakoshi) expressible in animal cells, which is digested 
with Xbal and BamHI, were mixed and ligated by the use of DNA Ligation Kit Ver. 2 (Takara Shuzo Co., Ltd.), and 
competent cells of Escherichia coli JM1 09 (Takara Shuzo Co., Ltd.) were transformed with the ligation product to obtain 
plasmid pCKRS. 

(3) Introduction of expression plasmid of human CCR5 into CHO-K1 cells and expression thereof 

[0124] After CHO-K1 cells, which were grown in a 750-rnl, tissue culture flask (Beckton, Dickinson and Company) 
using Ham F1 2 medium (Nihon Pharmaceutical Co. , Ltd.) containing 1 0% fetal calf serum (Life Technologies Oriental 
Inc.), were removed from the flask with 0.5/L trypsin-0.2 g/L EDTA (Life Technologies Oriental, Inc.), the cells were 
washed with PBS (Life Technologies Oriental, Inc.), were centrifuged (1000 rpm, 5 minutes) and were suspended in 
PBS. Next, DNA was introduced into the cells by the use of Gene Pulser (Bio-Rad Laboratories Inc.) under the following 
conditions. In other words, 8 x 1 0* cells and 1 0 u.g human CCR5 expression plasmid pCKR5 were added into a cuvette 
with a OA-cm gap, and the cells were electroporated at 0.25 kV under a capacitance of 960 u.F. Subsequently the cells 
were transferred to Ham F1 2 medium containing 1 0% fetal calf serum, and were cultivated for 24 hours. The cells were 
then removed from the flask again for centrif ugation, were then suspended in Ham F1 2 medium containing 1 0% fetal 
serum albumin containing geneticin (Life Technologies Oriental, Inc.) at a final concentration of 500 ng/ml, were diluted 
to 10* cells/ml and were seeded into 96-well plates (Beckton, Dickinson and Company) to obtain geneticin-resistant 
strains. 

[01 25] Next, after the thus-obtained geneticin-resistant strains were cultivated in a 96-well plate (Beckton Dickinson 
and Company), cells expressing CCR5 were selected from the resistant strains. In other words, the binding reaction 
was earned out at room temperature for 40 minutes in an assay buffer (Ham F12 medium containing 0.5% BSA and 
20 mM HEPES (Wako Pure Chemical Industries, Ltd.)) that is supplemented with 200 pM p25|]-RANTES (Amersham 
pic) as a ligand, and the cells were washed with ice-cold PBS, were then stirred after adding 50 uJ/well of 1 M NaOH 
and were counted for radioactivity in a y-counterto select CHO/CCR5 strains, the cells to which the ligand was spe- 
cifically bound. 

(4) Evaluation of compounds based on CCR5-antagonistic activity 

[01 26] CHO/CCR5 strains were seeded into 96-well m icroplates at a density of 5 x 1 0* cells/well, and were cultivated 
for 24 hours. After the culture fluid was removed by suction, the assay buffer containing a test compound (1 uM) was 
added to each well, and a ligand [125|].ranTES (Amersham Corporation) was added to a final concentration of 100 
pM, after which the reaction was carried out at room temperature for 30. minutes. Next, after the assay buffer was 
removed by suction, the cells were washed twice with ice-cold PBS. Subsequently, 200 u.l of MicroScint-20 (Packard 
Industry Company, inc.) was added to each well, which was counted for radioactivity in a Top Count (Packard Industrv 
Company, Inc.). - . v y 

[0127] Percentages of CCR5-binding inhibition by test compounds were determined according to the method de- 
scribed above. The results are shown in Table 1. 



Table 1 



so 



Compound No. 


Inhibition of binding (%) 


19 


86 


20 


94 


21 


98 


56 


74 


94 


76 


100 


89 


108 


86 
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Table 1 (continued) 



Compound No. 


Inhibition of binding (%) 


121 


82 



[01 28] Preparations of a CCR5 antagonist (for example, prophylactic and therapeutic drugs of HIV infection, prophy- 
lactic and therapeutic drugs of AIDS or the like), which contains as the active ingredient any of the compounds repre- 
sented by formula (1) of the present invention or salts thereof, may be manufactured, for example, according to the 
following formulations: 

w 



Formulation Examples 


1 . Capsule preparation 


(1) Compound obtained in Example 21 


40 mg 


(2) Lactose 


70 mg 


(3) Microcrystaliine cellulose 


9 mg 


(4) Magnesium stearate 


1 mg 


1 capsule 


120 mg 



[0129] (1 ), (2), (3) and a half of (4) are mixed and are then granulated. Thereto is added the remaining (4), and the 
entire components are encapsulated. 





2. Tablets 


25 


(1) Compound obtained in Example 21 


40 mg 




(2) Lactose 


58 mg 




(3) Com starch 


18 mg 




(4) Microcrystaliine cellulose 


3.5 mg 


30 


(5) Magnesium stearate 


0.5 mg 


1 tablet 


120 mg 



[01 30] (1 ), (2), (3), 2/3 of (4) and 1/2 of (5) are mixed and are then granulated. To the granules are added the remaining 
(4) and (5), and the resulting mixture is pressure-molded into tablets. 

35 

Reference Example 1 

[0131] A solution of 4-methoxythiophenol (9.66 g), ethyl 4-bromobutyrate (13.5 g) and potassium carbonate (18.8 
g) in DMF (200 ml) was stirred at room temperature for 4 hours. The reaction mixture was mixed with water and was 

40 extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated solution of sodium 
chloride, and was dried with magnesium sulfate. After concentration under reduced pressure, into a solution of the 
residue in ethanol (200 ml) was added at room temperature a 1 N aqueous solution of sodium hydroxide (85 ml), and 
the resulting mixture was stirred at room temperature for 4 hours. The reaction mixture was evaporated under reduced 
pressure to remove the ethanol and was then extracted with diethyl ether. The organic layer was washed with an 

45 aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure, the precipitated crystals were collected by filtration. The crystals were washed with hexane to obtain 
4-[(4-methoxyphenyl)thio]butyric acid (13.09 g) as colorless crystals. 

1 H-NMR (200 MHz, CDCI 3 ) 6 1 .81-1.96 (2H, m), 2.51 (2H, t, J = 7.3 Hz), 2.87 (2H, t, J = 7.1 Hz), 3.80, (3H, s), 
6.85 (2H, d, J = 8.8 Hz), 7.35 (2H, d, J = 8.8 Hz). 

50 

Reference Example 2 

[0132] A mixture of 4-[(4-methoxyphenyl)thio]butyric acid (10.0 g) and polyphosphoric acid (145 g) was stirred at 
80-90°C for 25 minutes. The reaction mixture was mixed with ice and was extracted with ethyl acetate. The organic 
55 layer was washed with water, an aqueous saturated solution of sodium bicarbonate and an aqueous saturated solution 
of sodium chloride, and was dried with magnesium sulfate. After concentration under reduced pressure, the residue 
was subjected to separation and purification using column chromatography (ethyl acetate/hexane 1 : 7) to obtain 
7-methoxy-3,4-dihydro-1-benzothiepin-5(2H)-one (3.87 g) as a yellow oily substance. 
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1 H-NMR (200 MHz, CDCI3) 6 2.17-2.31 (2H, m), 2.94 (2H, t, J = 6.8 Hz), 3.07 (2H, t, J = 6.6 Hz) 3 83 (3H s) 
6.94 (1 H, dd, J = 8.6, 3.0 Hz), 7.383 (1 H, d, J = 8.6 Hz), 8.384 (1 H, d, J = 3.0 Hz). ' 

Reference Example 3 

[0133] A suspension of 7-methoxy-3,4-dihydro-1 -benzothiepin-5(2H)-one (3.87 g) and sodium methoxide (5.0 g) in 
dimethyl carbonate (50 ml) was heated at reflux for 4 hours. The reaction mixture was mixed with 1 N hydrochloric 
acid (100 ml) and was then extracted with ethyl acetate. The organic layer was washed with an aqueous saturated 
solution of sodium chloride and was dried with magnesium sulfate. The resulting organic layer was concentrated under 
reduced pressure to obtain a yellow oily substance (4.96 g). Into a mixture of the thus-obtained oily substance, sodium 
borohydride (0.7 g) and THF (50 ml) was added dropwise at -40*C methanol (5 ml), and the resulting mixture was 
stirred at -1 0°C to -20°C for one hour. The reaction mixture was mixed with water and was then extracted with ethyl 
acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride and was dried with 
magnesium sulfate. The resulting organic layer was concentrated under reduced pressure to obtain a yellow oily sub- 
stance (4,80 g). Into a solution of the thus-obtained oily substance and triethylamine (7.5 ml) in THF (50 ml) was added 
at 0°C methanesulfonyl chloride (2.09 ml), and the resulting mixture was stirred at 0°C for 0.5 hour and at room tem- 
perature for one hour. To this reaction mixture was added 1 ,8-diazabicyclo[5,4,0]-7-undecene (DBU) (4.0 ml) and the 
resulting mixture was stirred for 2.5 hours. The reaction mixture was mixed with water and was then extracted with 
ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride and was dried with 
magnesium sulfate. After concentration under reduced pressure, the residue was subjected to separation and purifi- 
cation using column chromatography (ethyl acetate/hexane 1 : 5) to obtain methyl 7-methoxy-2,3-dihydro-1-benzoth- 
iepine-4-carboxylate (3.00 g) as a yellow oily substance. 

1 H-NMR (200 MHz, CDCI 3 ) 5 2.86-2.92 (2H, m), 3.18-3.24 (2H, m), 3.81 (3H, s), 3.84 (3H, s) 6 78 (1H dd J = 
8.4, 3.0 Hz), 6.90 (1 H, d, J = 3.0 Hz), 7.41 (1 H, d, J = 8.4 Hz), 7.77 (1 H, s). 

Heterence fcxample 4 

[0134] Into a solution of methyl 7-methoxy-2,3-dihydro-1-benzothiepine-4-carboxylate (3.00 g) in THF (30 ml) was 
added at 0°C 70% 3-chloroperbenzoic acid (6.5 g), and the resulting mixture was stirred at 0°C for 0.5 hour and at 
room temperature for one hour. The reaction mixture was mixed with an aqueous solution of sodium thiosulfate, was 
stirred for a few minutes and was then extracted with ethyl acetate. The organic layer was washed with an aqueous 
saturated solution of sodium bicarbonate (3 times) and an aqueous saturated solution of sodium chloride, and was 
dried with magnesium sulfate. After concentration under reduced pressure, the precipitated crystals were collected by 
filtration. The crystals were washed with diisopropyl ether to obtain methyl 7-methoxy-1 ,1-dioxo-2,3-dihydro-1-benzo- 
thiepine-4-carboxylate (3.15 g) as colorless crystals. 
M. p. 144-145°C 

1 H-NMR (200 MHz, CDCI 3 ) 6 3.04-3.10 (2H, m), 3.59-3.65 (2H, m), 3.86 (3H, s), 3.90 (3H, s), 6.96-7 02 (2H m) 
7.79(1H,s),8.10(1H,d,J = 10.0Hz). ' { ' h 

[0135] Elemental Analysis. Calcd. for C 13 H U 0 5 S: C, 55.31; H, 5.00. Found: C, 55.18; H, 5.01. 

Reference Example 5 

[0136] A mixture of methyl 7-methoxy-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (300 mg), 48% hydro- 
bromic acid (3 ml) and acetic acid (3 ml) was heated at reflux for 4 hours. After concentration under reduced pressure, 
48% hydrobromic acid (3 ml) and acetic acid (3 ml) were further added to the reaction mixture, which was heated at 
reflux for 8 hours. After concentration under reduced pressure, the precipitated crystals were collected by filtration 
The crystals were washed with diisopropyl ether to obtain 7-hydroxy-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carbox- 
ylic acid (224 mg) as light yellow crystals. 
M. p. 260-265°C 

1 H-NMR (200 MHz, DMSO-d 6 ) 62.84-2.90 (2H, m), 3.61-3.68 (2H, m), 6.92-7.02 (2H, m), 7.62 (1H, s), 7.85 (1H, 
d, J = 8.4 Hz). 

[0137] Elemental Analysis. Calcd. for C^H^OgS-O.I H 2 0: C, 51 .59; H, 4.02. Found: C, 51.38; H, 3.87. 
Reference Example 6 

[0138] To a solution of 7-hydroxy-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (856 mg) in methanol (1 0 
ml) was added sulfuric acid (0.1 ml), and the resulting mixture was heated at reflux for 23 hours. After concentration 
under reduced pressure, the reaction mixture was mixed with water and was then extracted with ethyl acetate The 



42 



EP1 182 195 A1 

organic layer was washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. 
After concentration under reduced pressure, the precipitated crystals were collected by filtration. The crystals were 
washed with diisopropyl ether to obtain methyl 7-hydroxy-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (848 
mg) as light yellow crystals. 
5 M. p. 176-178°C 

1H-NMR (200 MHz, CDCI 3 ) 6 3.04-3.10 (2H, m), 3.59-3.66 (2H, m), 3.86 (3H, s), 6.01 (1 H, br s), 6.90-6.94 (2H, 
m), 7.74 (1H, s), 8.05 (1H, d, J = 9.4 Hz). 

[0139] Elemental Analysis. Calcd. for C 12 H 12 0 5 S: C, 53.72; H, 4.51 . Found: C t 53.67; H, 4.58. 
10 Reference Example 7 

[0140] A mixture cf methyl 7- hydroxy- 1 ,1 -dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (300 mg), 4-chlorobenzyl 
chloride (21 0 mg), potassium carbonate (214 mg) and DMF (10 ml) was stirred at room temperature for 13 hours and 
at 50°C for 3 hours. The reaction mixture was mixed with water and was then extracted with ethyl acetate. The organic 
is layer was washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After 
concentration under reduced pressure, the residue was subjected to separation and purification using column chro- 
matography (ethyl acetate/hexane 1 : 1) to obtain methyl 7-[(4-chlorobenzyl)oxy]-1,1-dioxo-2,3-dihydro-1-benzothie- 
pine-4-carboxylate (272 mg) as colorless crystals. 
M. p. 130-133°C 

20 1 H-NMR (200 MHz, CDCI 3 ) 6 3.07 (2H, t, J = 6.2 Hz), 3.58-3.65 (2H, m), 3.86 (3H, s), 5.12 (2H, s), 7.00-7.05 

(2H, m), 7.32-7.42 (4H, m), 7.77 (1H, s), 8.10 (1H, d, J = 8.4 Hz). 

[0141] Elemental Analysis. Calcd. for C 19 R 17 0 5 SCI: C, 58.09; H, 4.36. Found: C, 58.11 ; H, 4.61. 
Reference Example 8 

25 

[0142] Into a solution of methyl 7-f(4-chlorobenzyl)oxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (200 
mg) in THF/methanol (3/1 .5 ml) was added at room temperature an aqueous solution (0.7 ml) of potassium carbonate 
(140 mg), and the resulting mixture was stirred at 65-70°C for 23 hours. After cooling to room temperature, 1 N hydro- 
chloric acid was added to the reaction mixture until the pH was adjusted to 5, and the precipitated crystals were collected 
30 by filtration. The crystals were washed with water, 2-propanol and diisopropyl ether to obtain 7-[(4-chlorobenzy!)oxy]- 
1 J-dioxo^S-dihydro-l-benzothiepine^-carboxylic acid (149 mg) as light yellow crystals. 

1 H-NMR (200 MHz, DMSO-d6) 8 2.91 (2H, t, J = 6.6 Hz), 3.68 (2H, t, J = 6.6 Hz), 5.26 (2H, s), 7.22 (1H, dd, J = 
8.8, 2.6 Hz), 7.37-7.54 (5H, m), 7.72 (1H, s), 7.95 (1H, d, J = 8.8 Hz). 

35 Reference Example 9 

[01 43] To a solution of methyl 7-hydroxy-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (300 mg), 4-ethoxy- 
benzyl alcohol (0.36 g) and triphenylphosphine (0.62 g) in THF (1 0 ml) was added at 0°C diisopropyl azodicarboxylate 
(0.47 ml), and the resulting mixture was stirred at room temperature for 3.5 days. After concentration under reduced 
40 pressure, the residue was subjected to separation and purification using column chromatography (ethyl acetate/hexane 
1 : 1) to obtain methyl 7-[(4-ethoxybenzyl)oxy]-1 ,1-dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (279 mg) as color- 
less crystals. 

1 H-NMR (200 MHz, CDCI3) 8 1 .43 (3H, t, J = 7.0 Hz), 3.03-3.10 (2H, m), 3.58-3.65 (2H, m), 3.85 (3H, s), 4.05 
(2H, q, J = 7.0 Hz), 5.07 (2H, s), 6.92 (2H, d, J = 8.8 Hz) 7.01-7.06 (2H, m), 7.33 (2H, d, J = 8.8 Hz), 7.77 (1H, s), 8.08 
45 (1H, d, J = 9.2 Hz). 

Reference Example 10 

[0144] Into a suspension of methyl 7-[(4-ethoxybenzyl)oxy]-1,1-dioxo-2,3-di hydro- 1 -be nzothiepine-4-carboxylate 
so (200 mg) in THF/methanol (6/3 ml) was added at room temperature an aqueous solution (0.7 ml) of potassium carbonate 
(1 37 mg), and the resulting mixture was stirred at 70°C for 1 6.5 hours. After cooling to room temperature, 1 N hydro- 
chloric acid was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed 
with water and an aqueous saturated solution of sodium chloride, and was dried with magnesium sulfate. After con- 
centration under reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with 
55 diisopropyl ether to obtain methyl 7-[(4-ethoxybenzyl)oxy]-1,1-dioxo-2 l 3-dihydro-1-benzothiepine^-<^rboxylic acid 
(147 mg) as colorless crystals. 
M. p. 180-184°C 

1 H-NMR (200 MHz, DMSO-oy 6 1 .33 (3H, t, J = 7.0 Hz), 2.86-2.93 (2H, m), 3.65-3.71 (2H, m), 4.03 (2H, q, J = 
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7.0 Hz), 5.15 (2H, s), 6.95 (2H, d, J = 8.8 Hz), 7.21 (1H, dd, J = 8.6, 2.4 Hz), 7.37-7.41 (3H, m) f 7.72 (1H, m), 7.94 
(1H, d, J = 8.6 Hz). 

[0145] Elemental Analysis. Calcd. for C^H^C^S: C, 61.84; H, 5.19. Found: C, 61.85; H, 5.35. 
Reference Example 11 

[0146] A mixture of methyl 7-hydroxy-1 ,1-dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (200 mg), 4-fluorobenzyl 
chloride (0.090 ml), potassium carbonate (134 mg) and DMF (5 ml) was stirred at55°Cfor 7 hours. The reaction mixture 
was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated 
solution of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the 
residue was subjected to separation and purification using column chromatography (ethyl acetate/hexane 1 : 1) to 
obtain methyl 7-[(4-fluorobenzyl)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (1 62 mg) as colorless crys- 
tals. 

M. p. 141-143°C 

1 H-NMR (200 MHz, CDCI 3 ) 5 3.03-3.10 (2H, m), 3.58-3.65 (2H, m) , 3.85 (3H, s), 5.11 (2H, s), 7.01-7.14 (4H 
m), 7.37-7.44 (2H, m), 7.77 (1 H, m), 8.1 0 (1 H, d, J = 9.2 Hz). 

[0147] Elemental Analysis. Calcd. for C 19 H 17 0 5 SF: C, 60.63; H, 4.55. Found: C, 60.52; H, 4.66. 
Reference Example 12 

[0148] Into a suspension of methyl 7-[(4-fluorobenzyl)oxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate 
(327.4 mg) in THF/methanol (4/2 ml) was added at room temperature an aqueous solution (1 .0 m!) of potassium car- 
bonate (240 mg), and the resulting mixture was stirred at 60°C for 20 hours. After cooling to room temperature, 1 N 
hydrochloric acid (5 ml) was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer 
was washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After con- 
centration under reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with 
diisopropyl ether to obtain 7-[(4-fluorobenzyI)oxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxyIic acid (241 mq) 
as light yellow crystals. 
M. p. 270-273°C 

1 H-NMR (200 MHz, DMSO-oy 82.87-2.94 (2H, m), 3.65-3.72 (2H, m), 5.23 (2H, s), 7.20-7.29 (3H, m), 7.43 (1H 
d, J = 2.2 Hz), 7.50-7.57 (2H, m), 7.72 (1H, s), 7.95 (1H, d, J = 8.8 Hz). 

[0149] Elemental Analysis. Calcd. for C 18 H 15 0 5 SF: C, 59.66; H, 4.17. Found: C, 59.43; H, 4.41. 
Reference Example 13 

[0150] Into a solution of methyl 7-hydroxy-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (500 mg), 3-pyrid- 
inemethanol (405 mg) and triphenylphosphine (0.98 g) in THF (10 ml) was added at 0°C diethyl azodicarboxylate (a 
40% solution in toluene) (1 .62 g), and the resulting mixture was stirred at room temperature for 20 hours. After con- 
centration under reduced pressure, the residue was subjected to separation and purification using column chromatog- 
raphy (ethyl acetate) to obtain methyl 7-(3-pyridylmethoxy)-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (694 
mg) as colorless crystals. 

[0151] Into a suspension of methyl 7-(3-pyridylmethoxy)-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (650 
mg) in THF/methanol (6/3 ml) was added at room temperature an aqueous solution (1 .4 ml) of potassium carbonate 
(415 mg), and the resulting mixture was stirred at 60°C for 19 hours. Into this reaction mixture was added further an 
aqueous solution (0.7 ml) of potassium carbonate (207 mg), and the resulting mixture was stirred further at 60°C for 
3 days. After cooling to room temperature, 1 N hydrochloric acid was added to the reaction mixture until the pH was 
adjusted to 7-8, and the precipitated crystals were collected by filtration. The crystals were washed with diisopropyl 
etherto obtain methyl 7-(3-pyridylmethoxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzcthiepine-4-carboxylic acid (493 mg) as color- 
less crystals. 

1 H-NMR (200 MHz, DMSO-d 6 ) 5 2.87-2.94 (2H, m), 3.66-3.72 (2H, m), 5.31 (2H, s), 7.25 (1H, dd J = 8 8 2 6 
(1h' dX^J Hz) 7 <1H> 7 ' 89 " 7 ' 93 (1H ' m) ' 7 96 (1H ' d ' J = 8 8 H2) » 8 58 (1H » dd ' J = 4 8 ' 14 Hz >' *' 70 

Reference Example 14 

[0152] Into a solution of methyl 4-hydroxymethylbenzoate in DMF (1 00 ml) was added at 0°C 60% sodium hydride 
(1 .3 g), and the resulting mixture was stirred at room temperature for 4 days. The reaction mixture was mixed with 
water and was extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated 
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solution of sodium chloride, and was dried with magnesium sulfate. After concentration under reduced pressure, the 
residue was subjected to separation and purification using column chromatography (ethyl acetate/hexane 1 : 9) to 
obtain methyl 4-propoxymethyIbenzoate (2.09 g) as a colorless oily substance. 

1 H-NMR (200 MHz, CDCI3) 8 0.95 (3H, t, J = 7.3 Hz), 1.57-1.74 (2H, m), 3.46 (2H, t, J = 6.6 Hz), 3.92 (3H, s), 
5 4.56 (2H, s), 7.41 (2H, d, J = 8.7 Hz), 8.02 (2H, d, J = 8.7 Hz). 

Reference Example 15 

[0153] Into a suspension of lithium aluminum hydride (0.40 g) in diethyl ether (25 ml) was added dropwise at 0°C a 
10 solution of methyl 4-(propoxymethyf)benzoate (2.09 g) in diethyl ether (25 ml) over a period of one hour. After stirring 
at room temperature for 2 hours, water (0.4 ml), a 15% aqueous solution of sodium hydroxide (0.4 ml) and water (0.4 
ml) were added to the reaction mixture at 0°C, and the resulting mixture was stirred at room temperature for 2 hours. 
After addition of magnesium sulfate, the solid was removed by filtration. The filtrate was evaporated under reduced 
pressure to remove the solvent to obtain 4-(propoxymethyl)benzyl alcohol (1 .81 g) as a colorless oily substance. 
15 1 H-NMR (200 MHz, CDCI3) 5 0.94 (3H, t, J = 7.3 Hz), 1 .57-1 .69 (3H, m), 3.43 (2H, t, J = 6.6 Hz), 4.51 (2H ( s), 

4.69 (2H, d, J = 5.8 Hz), 7.35 (4H, s). 

Reference Example 1 6 

20 [0154] Into a solution of methyl 7-hydroxy-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (400 mg), 4-(pro- 
poxymethyl)benzyl alcohol (502 mg) and triphenylphosphine (782 mg) in THF (10 ml) was added at 0°C diethyl azodi- 
carboxylate (a 40% solution in toluene) (1 .30 g), and the resulting mixture was stirred at room temperature for 68 hours. 
After concentration under reduced pressure, the residue was subjected to separation and purification using column 
chromatography (ethyl acetate/hexane 1 : 1 ) to obtain methyl 7-[[4-(propoxymethyl)benzyl]oxy]-1 ,1 -dioxo-2,3-di hydro- 
ps 1 -benzothiepine-4-carboxylate (1 . 1 5 g) as colorless crystals. 

[0155] Into a solution of methyl 7-[[4-(propoxymethyl)benzyI]oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carbox- 
ylate (1 .15 g) in THF/methanol (10/5 ml) was added at room temperature an aqueous solution (2.1 ml) of potassium 
carbonate (622 mg), and the resulting mixture was stirred at 60°C for 2 days. After cooling to room temperature, the 
reaction mixture was extracted with ethyl acetate. To the aqueous layer was added 1 N hydrochloric acid until the pH 
so was adjusted to 2-3, and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with 
an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under 
reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with diisopropyl ether 
to obtain 7-[[4-(propoxymethyl)benzyl]oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxyiic acid (425 mg) as color- 
less crystals. 
35 M.p.210-213°C 

1 H-NMR (200 MHz, DMSO-c^) 5 0.88 (3H, t, J = 7.4 Hz), 1 .46-1 .64 (2H, m), 2.87-2.93 (2H, m), 3.38 (2H, t, J = 
6.6 Hz), 3.65-3.71 (2H, m), 4.46 (2H, s), 5.24 (2H, s), 7.22 (1H, dd, J « 8.8, 2.6 Hz), 7.33-7.47 (5H, m), 7.72 (1H, s), 
7.94 (1H,d, J = 8.8 Hz). 

[0156] Elemental Analysis. Calcd. for C^^OeS: C, 63.44; H, 5.81 . Found: C, 63.29; H, 5.76. 

40 

Example 1 (Production of compound 1) 

[0157] Into a suspension of 7-[(4-chlorobenzyl)oxy]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxyIic acid (110 
mg) in THF (5 ml) were added at room temperature thionyl chloride (0.042 ml) and one drop of DMF, and the resulting 

45 mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the residue dis- 
solved in THF (5 ml) was added dropwise to a solution of 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl] aniline (70 
mg) and triethylamine (0.2 ml) in THF (5 ml) at room temperature. After being stirred at room temperature for 2.5 hours, 
the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with 
an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under 

50 reduced pressure, the residue was subjected to purification using column chromatography (ethanol/ethyl acetate 1 : 
3) and to recrystallization (ethanol) to obtain 7-[I4-(chlorobenzyl)oxy]-N-[4-[N-methyl-N-(tetrahydropyran-4-yl)ami- 
nomethyl]phenyl]-1 ,1 -dioxo-3,4-dihydro-1 -benzothiepine-4-carboxamide (compound 1) (1 04 mg) as colorless crystals. 
M. p. 237-239°C 

1 H-NMR (200 MHz, CDCI3) 6 1 .67-1 .82 (4H, m), 2.21 (3H, s), 2.55-2.72 (1 H, m), 3.09 (2H, t, J = 6.8 Hz), 3.30-3.44 
55 (2H, m), 3.58 (2H, s), 3.69 (2H, t, J = 6.8 Hz), 3.98-4.09 (2H, m), 5.12 (2H, s), 6.98-7.09 (2H, m), 7.21 (1 H, s), 7.32 
(2H, d, J = 8.4 Hz), 7.37-7.42 (4H, m), 7.54 (2H, d, J = 8.4 Hz), 7.91 (1H, s), 8.10 (1H, d, J = 8.8 Hz). 
[0158] Elemental Analysis. Calcd. for C 31 H33N 2 0 5 SCI: C, 64.07; H, 5.72, N, 4.82. Found: C, 64.03; H, 5.81 , N, 5.00. 
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Example 2 (Production of compound 2) 

[01 59] Into a solution of 7-[(4-ethoxybenzyl)oxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (1 1 0 mg) 
in THF (5 ml) were added at room temperature thionyl chloride (0.041 ml) and one drop of DMF, and the resulting 
mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the residue dis- 
solved in THF (5 ml) was added dropwise to a solution of 4-tN-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline (69 
mg) and triethylamine (0.2 ml) in THF (5 ml) at room temperature. After being stirred at room temperature for 1 .5 hours, 
the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with 
an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under 
reduced pressure, the residue was subjected to purification using column chromatography (ethanol/ethyl acetate 1 : 
3) and to recrystallization (ethanol) to obtain 7-[[4-(ethoxybenzyl)oxy]-N-[4-[N-methyl-N-(tetrahydropyran-4-yl)ami- 
nomethyl]phenyl]-1 ,1 -dioxo-3,4-dihydro-1 -benzothiepine-4-carboxamide (compound 2) (1 09 mg) as colorless crystals 
M. p. 211-213 e C a/ y 

1 H-NMR (200 MHz, CDCI3) * 1 43 (3H, t, J = 7.2 Hz), 1 .68-1 .82 (4H, m), 2.21 (3H, s), 2.54-2.74 (1 H, m) 3 05-3 12 
(2H, m), 3.29-3.44 (2H, m), 3.58 (2H, s), 3.66-3.72 (2H, m), 3.98-4.10 (4H, m), 5.07 (2H, s), 6.92 (2H, d J = 8 8 Hz) 
6.98 (1H, d, J = 2.6 Hz), 7.04 (1H, dd, J = 8.4, 2.6 Hz), 7.20 (1H, s), 7.30-7.35 (4H, m), 7.54 (2H, d, J = 8.8 Hz) 7 91 
(1H,s),8.09(1H, d, J = 8.4 Hz). 

[0160] Elemental Analysis. Calcd. for C^H^CeS: C, 67.10; H, 6.48, N, 4.74. Found: C, 66.94; H, 6.50, N, 4.89. 
Example 3 (Production of compound 3) 

[0161] Into a suspension of 7-[(4-fluorobenzyl)oxy]-1 ,1-dioxo-2 ) 3-dihydro-1-benzothiepine^-carboxy!ic acid (170 
mg) in THF (5 ml) were added at room temperature thionyl chloride (0.068 ml) and one drop of DMF, and the resulting 
mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the residue dis- 
solved in THF (1 0 ml) was added dropwise to a solution of 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline 
(114 mg) and triethylamine (0.2 ml) in THF (5 ml) at 0°C. After being stirred at room temperature for 20 hours, the 
reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure, the residue was subjected to purification using column chromatography (ethanol/ethyi acetate 1 : 3) 
and to recrystallization (ethanol) to obtain 7-(4-fluorobenzyloxy)-N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl] 
phenyl]-1 , 1 -dioxo-3,4-dihydro-1 -benzothiepine-4-carboxamide (compound 3) (206 mg) as colorless crystals 
M. p. 232-234°C 

1 H-NMR (200 MHz, CDCI 3 ) 5 1.67-1.83 (4H, m), 2.20 (3H, s), 2.55-2.72 (1H, m), 3.06-3.13 (2H, m) 3 31-3 44 
(2H, m), 3.57 (2H, s), 3.65-3.72 (2H, m), 3.99-4.10 (2H, m), 5.11 (2H, s) t 6.98-7.15 (4H t m), 7.21 (1H s) 732 (2H d 
J = 8.4 Hz), 7.37-7.44 (2H, m), 7.53 (2H, d, J = 8.4 Hz), 7.80 (1 H, s), 8.10 (1 H, d, J = 8.8 Hz). ' ' 

[0162] Elemental Analysis. Calcd. for C 31 H33N 2 0 5 SF: C, 65.94; H, 5.89, N, 4.96. Found: C, 65.59; H, 5.67, N, 4.97. 

Example 4 (Production of compound 4) 

[01 63] Into a solution of 7-(3-pyridylmethoxy)-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine^-carboxylic acid (200 mg) in 
DMF (5 ml) was added at room temperature thionyl chloride (0.084 ml), and the resulting mixture was stirred for one 
hour. After concentration under reduced pressure to remove the solvent, the residue dissolved in DMF (5 ml) was 
added dropwise to a solution of 4-[N-methyI-N-(tetrahydropyran-4-yl)aminomethyl]aniline (141 mg) and triethylamine 
(0.4 ml) in THF (5 ml) at room temperature. After being stirred at room temperature for 1 8 hours, the reaction mixture 
was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated 
solution of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the 
residue was subjected to purification using column chromatography (ethyl acetate) and to recrystallization (ethanol) 
to obtain N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]phenylj-7-(3-pyridylmethoxy)-1 , 1 -dioxo-2,3-dihydro- 
1 -benzothiepine-4-carboxamide (compound 4) (77 mg) as colorless crystals 
M. p. 225-229°C 

1 H-NMR (200 MHz, CDCI3) 8 1.67-1.80 (4H, m), 2.21 (3H, s), 2.55-2.74 (1H, m), 3.07-3.14 (2H m) 3 30-3 44 
(2H, m), 3.57 (2H, s), 3.67-3.73 (2H, m), 3.99-4.09 (2H, m), 5.17 (2H, s), 7.01-7.08 (2H, m), 7.22 (1H s)' 7 30-7 40 
(3H, m), 7.53 (2H, d, J = 8.4 Hz), 7.73-7.81 (1H, m), 7.83-7.89 (1H, m), 8.12 (1 H, d, J = 8.6 Hz), 8 62-8 72 (2H m) 
[0164] Elemental Analysis. Calcd. for C 30 H33N 3 O 5 S.0.2 H 2 0: C, 65.36; H, 6.11 , N, 7.62. Found: C, 65.13; H,' 6.07, 
N, 7.50. 
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Example 5 (Production of compound 5) 

[0165] Into a solution of 7-[[(4-(propoxymethyl)benzyl)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid 
(200 mg) in THF (5 ml) were added at room temperature thionyl chloride (0.070 ml) and one drop of DMF, and the 

s resulting mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the 
residue dissolved in THF (1 0 ml) was added dropwise to a solution of 4-[N-methyl-N-(tetrahydropyran-4-yl)aminome- 
thyljaniline (116 mg) and triethylamine (0.27 ml) in THF (5 ml) at 0 D C. After being stirred at room temperature for 2 
days, the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration 

w under reduced pressure, the residue was subjected to purification using column chromatography (ethanol/ethyl acetate 
1 :3)andtorecrystatlization(ethanol)toobtain^ 

poxymethyl)benzyl)oxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxamide (compound 5) (199 mg) as colorless 
crystals. 

M. p. 201-203°C 

15 1 H-NMR (200 MHz, CDCI3) 5 0.95 (3H, t, J = 7.5 Hz), 1 .58-1 .84 (6H, m), 2.20 (3H, s), 2.56-2.73 (1 H, m), 3.05-3.12 

(2H, m), 3.31-3.44 (2H, m), 3.46 (2H, t, J = 6.6 Hz), 3.57 (2H, s), 3.65-3.72 (2H, m), 3.99-4.10 (2H, m), 4.52 (2H, s), 
5.15 (2H, s), 6.98-7.07 (2H, m), 7.20 (1H, s), 7.32 (2H, d, J = 8.6 Hz), 7.39 (4H, m), 7.53 (2H, d, J = 8.6 Hz), 7.85 (1H, 
s), 8.09 (1H,d, J = 8.8 Hz). 

[0166] Elemental Analysis. Calcd. for C^^OeS: C, 67.94; H, 6.84, N, 4.53. Found: C, 67.86; H, 6.69, N, 4.57. 

20 

Reference Example 17 

[0167] A mixture of ethynylbenzene (511 mg, 5.00 mmol), methyl 7-bromo-2,3-dihydro-1-benzooxepine-4-carboxy- 
late (708 mg, 2.50 mmol), dichlorobis(triphenylphosphine)palladium (176 mg, 0.25 mmol), copper iodide (48 mg, 0.25 

25 mmol) and triethylamine (15 ml) was stirred at 80°C for 1 7 hours. The reaction mixture was concentrated under reduced 
pressure and was mixed with ethyl acetate (70 ml), and the resulting mixture was washed successively with 1 N hy- 
drochloric acid (5 ml x 3) and an aqueous saturated solution of sodium chloride (5 ml). The organic layer was dried 
with anhydrous magnesium sulfate and was then concentrated under reduced pressure, and the residue was subjected 
to column chromatography (silica gel: 35 g, ethyl acetate/hexane = 1/19). The objective fractions were concentrated 

30 under reduced pressure and were mixed with diisopropyl ether, and an insoluble material was collected by filtration. 
The insoluble material was washed with diisopropyl ether and was then dried under reduced pressure to obtain methyl 
7-phenylethyny1-2,3-dihydro-1-benzooxepine-4-carboxylate (525 mg, 1.73 mmol, 69%). 
IR(KBr) :1709,1501 cm- 1 . 

1 H-NMR (CDCI3) o: 2.9-3.05 (2H, m), 3.83 (3H, s), 4.2*4.35 (2H, m), 6.96 (1H, d, J = 8.6 Hz), 7.3-7.6 (8H, m). 

35 

Reference Example 18 

[0168] To methyl 7-phenylethynyl-2,3-dihydro-1-benzooxepine-4-carboxylate (463 mg, 1.52 mmol) were added 
methanol (10 ml), THF (10 ml) and a 1 N aqueous solution of sodium hydroxide (4.56 ml), and the resulting mixture 

40 was stirred at room temperature for 24 hours. After addition of 1 N hydrochloric acid (4.56 ml), the reaction mixture 
was concentrated under reduced pressure and was mixed with water, and an insoluble material was collected by 
filtration. The insoluble material was successively washed with water and diisopropyl ether, and was then dried under 
reduced pressure to obtain 7-phenylethynyl-2,3-dihydro-1 -benzooxepine-4-carboxylic acid (41 7mg, 1 .44 mmol, 94%). 
1 H-NMR (DMSO-d 6 ) 5: 2.8-2.95 (2H, m), 4.2-4.35 (2H, m), 7.02 (1H, d, J = 8.6 Hz), 7.35-7.6 (7H, m), 7.72 (1H, 

45 d, J = 2.2 Hz). 

Example 6 (Production of compound 6) 

[0169] To 7-phenylethynyl-2,3-dihydro-1 -benzooxepine-4-carboxylic acid (140 mg, 0.48 mmol) dissolved in DMF (7 
50 ml) were added at 0°C 1 -hydroxybenzotriazole (72 mg, 0.53 mmol), 4-[N-methyl-N-(tetrahydropyranyl)aminomethyl] 
aniline (117 mg, 0.53 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (139 mg, 0.73 mmol), tri- 
ethylamine (0.202 ml, 1 .45 mmol) and 4-dimethylaminopyridine (3 mg), and the resulting mixture was stirred at room 
temperature for 14 hours. The reaction mixture was concentrated under reduced pressure and was mixed with ethyl 
acetate (60 ml), and the resulting mixture was washed successively with water (5 ml x 3), an aqueous saturated 
55 solution of sodium bicarbonate (5 ml x 3) and an aqueous saturated solution of sodium chloride (5 ml). The organic 
layer was dried with anhydrous magnesium sulfate and was then concentrated under reduced pressure, and the residue 
was subjected to column chromatography (silica gel: 15 g, ethyl acetate). The objective fractions were concentrated 
under reduced pressure and were mixed with diisopropyl ether, and an insoluble material was collected by filtration. 
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The insoluble material was washed with diisopropyl ether and was then dried under reduced pressure to obtain H-[4-[N' 
methyl-N-(4-tetrahydropyrany0aminome^ 
(compound 6) (202 mg, 0.41 mmol, 85%). 
IR (KBr) : 1653, 1595, 1514, 1501 cnr 1 . 

1 H-NMR (CDCI 3 ) 6: 1 .5-1.85 (4H, m), 2.22 (3H, s), 2.5-2.8 (1H, m), 3.0-3.15 (2H, m), 3.3-3.45 (2H, m), 3.58 (2H, 
s), 3.95-4.15 (2H, m), 4.3-4.45 (2H, m), 6.99 (1H, d, J = 8.4 Hz), 7.15 (1H, s), 7.25-7.6 (11 H, m). 

Reference Example 19 

[0170] To 3-hydroxy-5-oxo-6,7,B,9-tetrahydro-5H-benzocycloheptene (1.76 g, 10.0 mmol) dissolved in DMF (10 ml) 
were added potassium carbonate (2.76 g, 20.2 mmol) and benzyl bromide (1.308 ml, 11.0 mmol), and the resulting 
mixture was stirred at room temperature for 24 hours. The reaction mixture was concentrated under reduced pressure, 
and the residue was mixed with water (20 ml) and extracted with ethyl acetate (20 ml x 3). The combined organic! 
layers were dried with anhydrous magnesium sulfate and were then concentrated under reduced pressure, and the 
residue was subjected to column chromatography (silica gel: 35 g, ethyl acetate/hexane = 1/9). The objective fractions 
were concentrated under reduced pressure to obtain 3-benzyloxy-5-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene 
(2.79 g). 

IR (KBr):1674cm-i. 

1 H-NMR (CDCI3) 8: 1 .7-1 .95 (4H, m), 2.65-2.8 (2H, m), 2.8-2.95 (2H, m), 5.08 (2H, s), 7.04 (1 H, dd, J = 2.6, 8 4 
Hz), 7.13 (1H, d, J = 8.4 Hz), 7.25-7.5 (6H, m). 

Reference Example 20 



[0171] To 3-benzyloxy-5-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene (2.72 g) dissolved in dimethyl carbonate (30 
ml) was added sodium methoxide (2.70 g, 50.0 mmol), and the resulting mixture was stirred at reflux with heating 
(110°C) for 6 hours. The reaction mixture was mixed with 1 N hydrochloric acid (60 ml) under ice cooling and was 
concentrated under reduced pressure to remove the organic solvent, and the aqueous layer was then extracted with 
ethyl acetate (30 ml x 3). The combined organic layers were dried with anhydrous magnesium sulfate and were then 
concentrated under reduced pressure, and the residue was subjected to column chromatography (silica gel: 40 g, ethyl 
acetate/hexane = 1/30). The objective fractions were concentrated under reduced pressure to obtain methyl 3-benzy- 
loxy-5-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene-6-carboxylate (2.83 g, 8.88 mmol). 

Reference Example 21 



[0172] To methyl 3-benzyloxy-5-oxo-6,7 t 8,9-tetrahydro-5H-benzocycloheptene-6-carboxylate (2.81 g, 8.66 mmol) 
dissolved in a mixed solvent of dichloromethane (40 ml) and methanol (1 0 ml) was added at -40°C (inner temperature) 
sodium borohydride (500 mg, 13.2 mmol), and the resulting mixture was stirred at -15°C to -10°C for 2 hours The 
reaction mixture was cooled to -40°C, was mixed with water (20 ml) and extracted with dichloromethane (40 ml, 10 ml 
x 2). The combined organic layers were dried with anhydrous magnesium sulfate and were then concentrated under 
reduced pressure. To the residue dissolved in THF (30 ml) were added at 0°C triethylamine (6.04 ml, 43.3 mmol) and 
methanesulfonyl chloride (1 .1 0 ml, 1 3.0 mmol), and the resulting mixture was stirred at room temperature for 20 hours 
In order to complete the reaction, DBU (3.89 ml, 26.0 mmol) was added, and the resulting mixture was stirred at room 
temperature for 24 hours. The reaction mixture was concentrated under reduced pressure, was mixed with water and 
was extracted with ethyl acetate (30 ml x 3). The combined organic layers were washed with 1 N hydrochloric acid (5 
ml x 3), were dried with anhydrous magnesium sulfate and were then concentrated under reduced pressure and the 
residue was subjected to column chromatography (silica gel: 60 g, ethyl acetate/hexane = 1/30 ^ 1/9). The objective 
fractions were concentrated under reduced pressure to obtain methyl 2-benzyloxy-6,7-dihydro-5H-benzocycloheptene- 
8-carboxylate (2.32 g, 7.52 mmol, 87%). 
IR (KBr) :1709 cm- 1 . 

1 H-NMR (CDCI3) 5: 1.95-2.1 (2H, m), 2.55-2.65 (2H, m), 2.7-2.8 (2H, m), 3.81 (3H, s), 5.06 (2H s) 6 84 (1H 
dd, J = 2.6, 8.4 Hz), 6.94 (1H, d, J = 2.6 Hz), 7.06 (1H, d, J = 8.4 Hz), 7.5-7.7 (5H, m), 7.64 (1H, s). 

Reference Example 22 

[0173] To methyl 2-benzyloxy-6 1 7-dihydro-5H-benzocycloheptene-B-carboxylate (2.28 g, 7.39 mmol) suspended in 
methanol (25 ml) was added a IN aqueous solution of sodium hydroxide (23 ml), and the resulting mixture was stirred 
at room temperature for 13 hours. In orderto complete the reaction, tetrahydrofuran (25 ml) was added, andthe resulting 
mixture was stirred at 60°C for 2 hours. The reaction mixture was mixed with 1 N hydrochloric acid (23 ml) at room 
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temperature, was concentrated under reduced pressure and was mixed with water, and an insoluble material was 
collected by filtration. The insoluble material was washed with water and was dried under reduced pressure to obtain 
a-benzyloxy-e.y-dihydro-SH-benzocyclohepter.e-S-carboxylic acid (2.09 g, 7.10 mmol, 96%). 

1 H-NMR (CDCy 8: 1.95-2.15 (2H, m), 2.55-2.7 (2H, m), 2.7-2.85 (2H, m), 5.07 (2H, s), 6.87 (1H, dd, J = 2.7, 
5 8.3 Hz), 6.96 (1H, d, J = 2.7 Hz), 7.08 (1H, d, J = 8.3 Hz), 7.25-7.5 (5H, m), 7.77 (1H, s). 

Example 7 (Production of compound 7) 

[0174] To a mixture of 2-benzyloxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (200 mg, 0.68 mmol), 4-[N- 
10 methyl-N-(tetrahydropyran-4-yl)aminomethy0aniline (165 mg, 0.75 mmol), 1 -hydroxybenzotriazole (101 mg, 0.75 
mmol) and DMF (10 ml) were added at 0°C 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (235 mg, 
1 .23 mmol) and triethylamine (0.284 ml, 2.04 mmol), and the resulting mixture was stirred at room temperature for 3 
days. The reaction mixture was concentrated under reduced pressure, ethyl acetate (40 ml) was added to the residue 
and the resulting mixture was washed successively with water (5 ml x 3), an aqueous saturated solution of sodium 
is bicarbonate (5 ml x 3) and an aqueous saturated solution of sodium chloride (5 ml). The organic layer was dried with 
anhydrous magnesium sulfate and was then concentrated under reduced pressure, and the residue was subjected to 
column chromatography (silica gel: 15 g, ethyl acetate). The objective fractions were concentrated under reduced 
pressure and were mixed with diisopropyi ether, and an insoluble material was collected by filtration. Hie insoluble 
material was washed with diisopropyi ether and was then dried under reduced pressure to obtain 2-benzyloxy-N-[4-{N- 
20 methyl-N-(4-tetrahydropyran^-yl)aminomethyl]phenyl]-6,7-dihydro-5H4)enzocydoheptene-8-carboxamide (com- 
pound 7) (276 mg, 0.56 mmol, 82%). 
IR (KBr) : 1651, 1601, 1514 cnr*. 

1 H-NMR (CDCI3) 6: 1.6-1.85 (4H, m), 2.0-2.25 (2H, m), 2.21 (3H, s), 2.5-2.85 (5H, m), 3.3-3.45 (2H, m), 3.57 
(2H, s), 3.95-4.1 (2H, m), 5.07 (2H, s), 6.65 (1 H, dd, J = 2.7, 8.2 Hz), 6.92 (1 H, d, J = 2.7 Hz), 7.09 (1 H, d, J = 8.2 Hz), 
25 7.25-7.5 (5H, m), 7.31 (2H, d, J = 8.6 Hz), 7.55 (2H, d, J = 8.6 Hz), 7.58 (1 H, s). 

Reference Example 23 

[0175] To 3-hydroxy«5-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene (1.76 g, 10.0 mmol) dissolved in DMF (10 ml) 
30 were added potassium carbonate (2.76 g, 20.0 mmol) and 4-methylbenzyl bromide (2.04 g, 11 .0 mmol), and the re- 
sulting mixture was stirred at room temperature for 24 hours. The reaction mixture was concentrated under reduced 
pressure, and the residue was mixed with water (20 ml) and extracted with ethyl acetate (20 ml x 3). The combined 
organic layers were dried with anhydrous magnesium sulfate and were then concentrated under reduced pressure, 
and the residue was subjected to column chromatography (silica gel: 40 g, ethyl acetate/hexane = 1/30). The objective 
35 fractions were concentrated under reduced pressure to obtain 3-(4-methylbenzyloxy)-5-oxo-6,7 t 8,9-tetrahydro-5H- 
benzocycloheptene (2.74 g, 9.77 mmol, 98%). 
IR (KBr): 1674 cm* 1 . 

1 H-NMR (CDCI3) 5: 1 .7-1 .95 (4H, m), 2.36 (3H, s), 2.7-2.8 (2H, m), 2.8-2.95 (2H, m), 5.04 (2H, s), 7.03 (1 H, dd, 
J = 2.8, 8.5 Hz), 7.12 (1H, d, J = 8.5 Hz), 7.19 (2H, d, J = 7.9 Hz), 7.32 (2H, d, J = 7.9 Hz), 7.36 (1H, d, J = 2.8 Hz). 

40 

Reference Example 24 

[0176] To 3-(4-methylbenzyloxy)-5-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene (2.67 g, 9.52 mmol) dissolved in 
dimethyl carbonate (40 ml) was added sodium methoxide (2.57 g, 47.6 mmol), and the resulting mixture was stirred 

45 at reflux with heating (1 1 0°C) for 6 hours. The reaction mixture was mixed with 1 N hydrochloric acid (60 ml) under ice 
cooling and was concentrated under reduced pressure to remove the organic solvent, and then the aqueous layer was 
extracted with ethyl acetate (30 ml x 3). The combined organic layers were dried with anhydrous magnesium sulfate 
and were then concentrated under reduced pressure, and the residue was subjected to column chromatography (silica 
gel: 40 g, ethyl acetate/hexane = 1/30). The objective fractions were concentrated under reduced pressure to obtain 

50 methyl 3-(4-methylbenzyloxy)-5-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene-6-carboxylate (2.84 g, 8.39 mmol, 
88%). 

Reference Example 25 

55 [0177] To methyl 3-(4-methylbenzyloxy)-5-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene-6-carboxylate (2.77 g, 
8.19 mmol) dissolved in a mixed solvent of dichloromethane (40 ml) and methanol (10 ml) was added at -40°C (inner 
temperature) sodium borohydride (465 mg, 1 2.3 mmol), and the resulting mixture was stirred at -20°C to -10°C for 2 
hours. The reaction mixture was cooled to -40°C, was mixed with water (20 ml) and extracted with dichloromethane 
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(40 ml, 10 ml x 2). The combined organic layers were dried with anhydrous magnesium sulfate and were then con- 
centrated under reduced pressure. To the residue dissolved in THF (30 ml) were added at 0°C triethylamine (5.70 ml, 
40.9 mmol) and methanesulfonyl chloride (0.95 ml, 12.3 mmol), and the resulting mixture was stirred at room temper- 
ature for 12 hours. In order to complete the reaction, DBU (3.67 ml, 24.5 mmol) and dichloromethane (30 ml) were 
added, and the resulting mixture was stirred at room temperature for 3 hours. The reaction mixture was concentrated 
under reduced pressure, was mixed with water (30 ml) and was extracted with ethyl acetate (30 ml x 3). The combined 
organic layers were washed with 1 N hydrochloric acid (5 ml x 3), were dried with anhydrous magnesium sulfate and 
were then concentrated under reduced pressure, and the residue was subjected to column chromatography (silica gel: 
60 g, ethyl acetate/hexane = 1/30 1/9). The objective fractions were concentrated under reduced pressure to obtain 
methyl 2-(4-methylbenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (2.40 g, 7.44 mmol 91%) 
IR (KBr) : 1709 cm" 1 . ' 

1 H-NMR (CDCI 3 ) 8: 1 .95-2.1 (2H, m), 2.36 (3H, s), 2.55-2.65 (2H, m), 2.7-2.8 (2H, m), 3.81 (3H, s), 5.01 (2H, s), 
6.83 (1H, dd, J = 3.0, 8.4 Hz), 6.92 (1 H, d, J - 3.0 Hz), 7.05 (1H, d, J = 8.4 Hz), 7.19 (2H, d, J = 8.0 Hz), 7.32 (2H d 
J = 8.0 Hz), 7.64(1 H,s). 

Reference Example 26 

[01 78] To methyl 2-(4-methylbenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (2.34 g, 7.26 mmol) dis- 
solved in a mixed solvent of methanol (25 m!) and THF (25 ml) was added a IN aqueous solution of sodium hydroxide 
(23 ml), and the resulting mixture was stirred at room temperature for 18 hours. The reaction mixture was mixed with 
1 N hydrochloric acid (23 ml) at room temperature, was concentrated under reduced pressure and was mixed with 
water, and an insoluble material was collected by filtration. The insoluble material was washed successively with water 
and hexane, and was dried under reduced pressure to obtain 2-(4-methylbenzyloxy)-6,7-dihydro-5H-benzocyclohep- 
tene-8-carboxylic acid (2.11 g, 6.84 mmol, 94%). 
IR (KBr) : 1663 cm" 1 . 

*H-NlvlR (CDCI3) 6: 1.95-2.1 (2H, m), 2.36 (3H, s), 2.55-2.7 (2H, m), 2.7-2.85 (2H, m), 5.02 (2H, s), 6 86 (1H 
dd, J = 2.7, 8.1 Hz), 6.95 (1H, d, J = 2.7 Hz), 7.07 (1H, d, J = 8.1 Hz), 7.19 (2H, d, J = 8.1 Hz), 7.32 (2H, d, J = 8.1 
Hz), 7.77 (1 H, s). 

Example 8 (Production of compound 8) 



[0179] To a mixture of 2-(4-methylbenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (200 mg 0 65 
mmol), 4-tN-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline (157 mg, 0.71 mmol), 1-hydroxybenzotriazole (96 
mg, 0.71 mmol) and DMF (10 ml) were added at 0°C 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride 
(1 86 mg, 0.97 mmol) and triethylamine (0.271 ml, 1 .94 mmol), and the resulting mixture was stirred at room temperature 
for 4 days. The reaction mixture was concentrated under reduced pressure, ethyl acetate (40 ml) was added to the 
residue and the resulting mixture was washed successively with water (5 ml x 3), an aqueous saturated solution of 
sodium bicarbonate (5 ml x 3) and an aqueous saturated solution of sodium chloride (5 ml). The organic layer was 
dried with anhydrous magnesium sulfate and was then concentrated under reduced pressure, and the residue was 
subjected to column chromatography (silica gel: 15 g, ethyl acetate). The objective fractions were concentrated under 
reduced pressure and were mixed with diisopropyl ether, and an insoluble material was collected by filtration. The 
insoluble material was washed with diisopropyl ether and was then dried under reduced pressure to obtain 2-(4-meth- 

ylbenzyloxy)-N-[4-[N-methyl-N-(4-tetrahydropyran-4-yl)aminomethyl]phenyl]-6,7-dihydro-5H-benzocyclohepte 
8-carboxamide (compound 8) (273 mg, 0.53 mmol, 82%). 
IR (KBr) : 1651, 1601 ,1518 cm" 1 . 

1H-NMR (CDCI3) 5: 1 .6-1 .85 (4H, m), 2.0-2.2 (2H, m), 2.21 (3H, s), 2.36 (3H, s), 2.5-2.85 (5H, m) 3 3-3 45 (2H 
m), 3.57 (2H,s), 3.95-4.1 (2H, m), 5.02 (2H, s), 6.84 (1H, dd, J = 2.5, 8.1 Hz), 6.91 (1H, d, J = 2.5 Hz), 7.08 (1H d j 
- 8.1 Hz), 7.1 9 (2H, d, J = 8.3 Hz), 7.31 (2H, d, J = 8.6 Hz), 7.32 (2H, d, J = 8.3 Hz), 7.55 (2H, d, J = 8.6 Hz), 7.60 (1 H, s). 

Reference Example 27 

[0180] To 3-hydroxy-5-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene (1 .76 g, 10.0 mmol) dissolved in DMF (20 ml) 
were added potassium carbonate (2.76 g, 20.0 mmol) and 4-phenylbenzyl bromide (2.72 g, 11.0 mmol), and the re- 
sulting mixture was stirred at room temperature for 24 hours. The reaction mixture was concentrated under reduced 
pressure, ethyl acetate (30 ml) and THF (30 ml) were added to the residue and the resulting mixture was washed with 
water (10 ml, 5 ml x 3) and an aqueous saturated solution of sodium chloride (5 ml). The organic layer was dried with 
anhydrous magnesium sulfate and was then concentrated under reduced pressure, and the residue was mixed with 
diisopropyl ether, and an insoluble material was collected by filtration. The insoluble material was washed with diiso- 
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propyl ether and was then dried under reduced pressure to obtain 3-(4-phenyfoenzyioxy)-5-oxo-6,7,8,9-tetrahydro-5H- 
benzocydoheptene (3.00 g, 8.76 mmol, 88%). 
IR (KBr); 1674 cm- 1 . 

1 H-NMR (CDCI3) 6: 1 7-1.95 (4H, m), 2.7-2.8 (2H, m), 2.8-2.95 (2H, m), 5.13 (2H, s), 7.06 (1H, dd, J = 2.6, 8.4 
5 Hz), 7.1 4 (1 H, d, J = 8.4 Hz), 7.3-7.65 (1 OH, m). 

Reference Example 28 

[0181] To S^-phenylbenzyloxyJ-S-oxo-ey.S^-tetrahydro-SH-benzocycloheptene (2.90 g, 8.47 mmol) dissolved in 
10 dimethyl carbonate (80 ml) was added sodium methoxide (2.29 g, 42.4 mmol), and the resulting mixture was stirred 
at reflux with heating (1 1 0°C) for 6 hours. The reaction mixture was mixed with 1 N hydrochloric acid (60 ml) under ice 
cooling and was concentrated under reduced pressure to remove the organic solvent, and then the aqueous layer was 
extracted with a mixed solvent of ethyl acetate and THF ((30 ml/15 ml) x 3). The combined organic layers were dried 
with anhydrous magnesium sulfate and were then concentrated under reduced pressure, and the residue was subjected 
15 to column chromatography (silica gel: 50 g, ethyl acetate/hexane = 1/30). The objective fractions were concentrated 
under reduced pressure, diisopropyl ether was added to the residue and an insoluble material was collected by filtration. 
The insoluble material was washed with diisopropyl ether and was then dried under reduced pressure to obtain methyl 
3-(4-phenylbenzyloxy)-5-oxo-6,7,8,9-tetrahydro-5H-benzcK^cloheptene-6-carboxytate (2.47 g, 6.17 mmol, 73%). 

20 Reference Example 29 

[0182] To methyl 3-(4-phenylbenzyloxy)-5-oxo-6,7 1 8 J 9-tetrahydro-5H-benzocycloheptene-6-carboxy1ate (2.31 g, 
5.77 mmol) dissolved in a mixed solvent of dichloromethane (50 ml) and methanol (15 ml) was added at -40°C (inner 
temperature) sodium borohydride (327 mg, 8.64 mmol), and the resulting mixture was stirred at -20°C to -10°C for 2 

25 hours. The reaction mixture was cooled to -40°C, was mixed with water (20 ml) and extracted with dichloromethane 
(50 ml, 1 0 ml x 2). The combined organic layers were dried with anhydrous magnesium sulfate and were then con- 
centrated under reduced pressure. To the residue dissolved in dichloromethane (40 ml) were added at 0°C triethylamine 
(4.02 ml, 28.8 mmol) and methanesulfonyl chloride (0.67 ml, 8.7 mmol), and the resulting mixture was stirred at room 
temperature for 16 hours. In order to complete the reaction, DBU (2.59 ml, 17.3 mmol) was added, and the resulting 

30 mixture was stirred at room temperature for 1 2 hours. The reaction mixture was concentrated under reduced pressure, 
was mixed with water (30 ml) and was extracted with ethyl acetate (40 ml, 15 ml x 2). The combined organic layers 
were washed with 1 N hydrochloric acid (5 ml x 3), were dried with anhydrous magnesium sulfate and were then 
concentrated under reduced pressure, and the residue was subjected to column chromatography (silica gel: 60 g, 
toluene). The objective fractions were concentrated under reduced pressure and the residue was mixed with ethyl 

35 acetate and diisopropyl ether, and an insoluble material was collected by filtration. The insoluble material was washed 
with diisopropyl ether and was then dried under reduced pressure to obtain methyl 2-(4-phenylbenzyloxy)-6,7-dihydro- 
5H-benzocycloheptene-8-carboxylate (1 .31 g, 3.41 mmol, 59%). 
IR (KBr) ; 1707 cm' 1 . 

1 H-NMR (CDCI 3 ) 5: 1.95-2.15 (2H, m), 2.55-2.7 (2H, m), 2.7-2.8 (2H, m), 3.82 (3H, s), 5.10 (2H, s), 6.87 (1H, 
40 dd, J = 2.7, 8.3 Hz), 6.96 (1H, d, J = 2.7 Hz), 7.08 (1H, d, J = 8.3 Hz), 7.3-7.7 (10H, m).. 

Reference Example 30 

[0183] To methyl 2-(4-phenylbenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (1 .22 g, 3.1 7 mmol) dis- 
45 solved in a mixed solvent of methanol (20 ml) and THF (35 ml) was added a IN aqueous solution of sodium hydroxide 
(10 ml), and the resulting mixture was stirred at room temperature for 18 hours and at 60°C for 2 hours. The reaction 
mixture was mixed with 1 N hydrochloric acid (12 ml) at room temperature, was concentrated under reduced pressure 
and was mixed with water, and an insoluble material was collected by filtration. The insoluble material was washed 
successively with water and hexane, and was dried under reduced pressure to obtain 2-(4-phenylbenzyloxy)-6,7-di- 
50 hydro-5H-benzocycloheptene-8-carboxylic acid (1 .38 g). 

1 H-NMR (DMSO-dg) 6: 1.8-2.0 (2H, m), 2.4-2.55 (2H, m), 2.65-2.8 (2H, m), 5.16 (2H, s), 6.91 (1H, dd, J = 2.6, 
8.4 Hz), 7.08 (1H, d, J = 2.6 Hz), 7.12 (1H, d, J = 8.4 Hz), 7.3-7.75 (10H, m). 

Example 9 (Production of compound 9) 

55 

[0184] To a mixture of 2-(4-phenylbenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (200 mg, 0.54 
mmol), 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline (131 mg, 0.59 mmol), 1 -hydroxybenzotriazoie (80 
mg, 0.59 mmol) and DMF (10 ml) were added at 0°C 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride 
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(207 mg, 1 .08 mmol) and triethylamine (0.226 ml, 1 .62 mmol), and the resulting mixture was stirred at room temperature 
for 3 days. The reaction mixture was concentrated under reduced pressure, ethyl acetate (40 ml) was added to the 
residue and the resulting mixture was washed successively with water (5 ml x 3), an aqueous saturated solution of 
sodium bicarbonate (5 ml x 3) and an aqueous saturated solution of sodium chloride (5 ml). The organic layer was 
dried with anhydrous magnesium sulfate and was then concentrated under reduced pressure, and the residue was 
subjected to column chromatography (silica gel: 15 g, ethyl acetate). The objective fractions were concentrated under 
reduced pressure and were mixed with diisopropyl ether, and an insoluble material was collected by filtration. The 
insoluble material was washed with diisopropyl ether and was then dried under reduced pressure to obtain 2-(4-phe- 

nylbenzyloxy)-N-[4-[N-methyl-N-(4-tetrahydropyran-4-yl)aminomethyl]phenyl]-6,7-dihydro-5H-benzocycloheptene- 
8-carboxamide (compound 9) (243 mg, 0.42 mmol, 79%). 
IR(KBr): 1651, 1601,1516 cm-''. 

1 H-NMR (CDCI 3 ) 6: 1 .55-1 .85 (4H, m), 2.0-2.25 (2H, m), 2.21 (3H, s), 2.5-2.85 (5H, m), 3.25-3.45 (2H, m), 3.58 
(2H, s), 3.95-4.15 (2H, m), 5.11 (2H, s), 6.87 (1H, dd, J = 2.9, 8.0 Hz), 6.94 (1H, d, J = 2.9 Hz), 7.10 (1H, d, J = 8 0 
Hz), 7.2-7.7 (14H,m). 

Reference Example 31 

[0185] To methyl 2-hydroxy-6,7-dihydro-5H-benzocycloheptene-B^arboxylate (327 mg, 1.50 mmol) dissolved in 
DMF (6 ml) were added potassium carbonate (415 mg, 3.00 mmol) and 4-fluorobenzyl bromide (0.206 ml, 1 .65 mmol), 
and the resulting mixture was stirred at room temperature for 15 hours. The reaction mixture was concentrated under 
reduced pressure, ethyl acetate (40 ml) was added to the residue and the resulting mixture was washed with water (5 
ml x 3) and an aqueous saturated solution of sodium chloride (5 ml). The organic layer was dried with anhydrous 
magnesium sulfate and was then concentrated under reduced pressure, and the residue was subjected to column 
chromatography (silica gel: 15 g, ethyl acetate/hexane = 1/25). The objective fractions were concentrated under re- 
duced pressure to obtain methyl 2-(4-fluorobenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (485 mg, 
1 .49 mmoi, 99%). 

IR(KBr) : 1707 cm- 1 . 

1 H-NMR (CDCI3) 8: 1 .95-2.15 (2H, m), 2.55-2.8 (4H, m), 3.82 (3H r s), 5.02 (2H, s), 6.83 (1 H, dd, J = 2.7, 8.2 Hz), 
6.92 (1H, d, J = 2.7 Hz), 7.0-7.15 (2H, m), 7.07 (1H, d, J = 8.2 Hz), 7.35-7.45 (2H, m), 7.64 (1H, s). 

Reference Example 32 

[0186] To 2-(4-fluorobenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (462 mg, 1.42 mmol) dissolved 
in a mixed solvent of methanol (5 ml) and THF (5 ml) was added a 1 N aqueous solution of sodium hydroxide (4.3 ml), 
and the resulting mixture was stirred at 50°C for 2 hours. The reaction mixture was mixed with 1 N hydrochloric acid 
(4.3 ml) at 0°C, was concentrated under reduced pressure and was mixed with water, and an insoluble material was 
collected by filtration. The insoluble material was washed with water and was dried under reduced pressure to obtain 
2-(4-fluorobenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (458 mg). 

Example 10 (Production of compound 10) 

[0187] To a mixture of 2-(4-fluorobenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (170 mg, 0.54 
mmol), 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline (144 mg, 0.65 mmol), 1 -hydroxybenzotriazoie (88 
mg, 0.65 mmol) and DMF (6 ml) were added at 0°C 1-[3-(dimethylamino)propyI]-3-ethylcarbodiimide hydrochloride 
(209 mg, 1 .09 mmol) and triethylamine (0.228 ml, 1 .64 mmol), and the resulting mixture was stirred at room temperature 
for 2 days. The reaction mixture was concentrated under reduced pressure, ethyl acetate (40 ml) was added to the 
residue and the resulting mixture was washed with an aqueous saturated solution of sodium bicarbonate (1 0 ml, 5 ml 
x 2). The organic layer was dried with anhydrous magnesium sulfate and was then concentrated under reduced pres- 
sure, and the residue was subjected to column chromatography (silica gel: 1 5 g, ethyl acetate) . The objective fractions 
were concentrated under reduced pressure, diisopropyl ether was added to the residue and an insoluble material was 
collected by filtration. The insoluble material was washed with diisopropyl ether and was then dried under reduced 
pressure to obtain 2-(4-fluorobenzyloxy)-N-[4-[N-methyl-N-(4-tetrahydropyran-4-yl)aminomethyl]phenyl]-6,7-dihydro- 
5H-benzocycloheptene-8-carboxamide (compound 1 0) (228 mg, 0.44 mmol, 81 %). 
IR (KBr): 1651, 1603, 1514 cm- 1 . 

1 H-NMR (CDCI3) 6: 1 .5-1 .85 (4H, m), 2.0-2.25 (2H, m), 2.21 (3H, s), 2.55-2.85 (5H, m), 3.3-3.45 (2H, m), 3.58 
(2H, s), 3.95-4.15 (2H, m), 5.02 (2H, s), 6.83 (1H, dd, J = 2.7, 8.3 Hz), 6.90 (1H, d, J = 2.7 Hz), 7.0-7.15 (2H, m), 7.09 
(1H, d, J = 8.3 Hz), 7.29 (1H, s), 7.31 (2H, d, J = 8.5 Hz), 7.35-7.45 (2H, m), 7.55 (2H, d, J = 8.5 Hz), 7.59 <1H, s). 
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Reference Example 33 

[0188] To methyl 2-hydroxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (327 mg, 1.50 mmol) dissolved in 
DMF (6 m!) were added potassium carbonate (415 mg, 3.00 mmol) and 2,4-difluorobenzyl bromide (0.212 ml, 1.65 

5 mmol), and the resulting mixture was stirred at room temperature for 1 7 hours. The reaction mixture was concentrated 
under reduced pressure, ethyl acetate (40 mi) was added to the residue and the resulting mixture was washed with 
water (5 ml x 2) and an aqueous saturated solution of sodium chloride (5 ml). The organic layer was dried with anhy- 
drous magnesium sulfate and was then concentrated under reduced pressure, and the residue was subjected to column 
chromatography (silica gel: 15 g, ethyl acetate/hexane = 1/25). The objective fractions were concentrated under re- 

10 duced pressure to obtain methyl 2-(2,4-difluorobenzyloxy) -6,7-dihydro-5H-benzocycloheptene-8-carboxylate (500 mg, 
1.45 mmol, 97%). 

IR(KBr): 1709 crrr 1 . 

1 H-NMR (CDCI3) 5: 1 .95-2.1 (2H, m), 2.55-2.8 (4H, m) , 3.82 (3H, s), 5.07 (2H, s), 6.75-7.0 (4H, m), 7.07 (1 H, d, 
J = 8.0 Hz), 7.4-7.55 (1H, m), 7.64 (1H, s). 

15 

Reference Example 34 

[0189] To 2-(2,4-dinuombenzyloxy)^,7-dihydro-5H-benzc>C7cloheptene-8-carboxylate (477 mg, 1.39 mmol) dis- 
solved in a mixed solvent of methanol (5 ml) and THF (5 ml) was added a IN aqueous solution of sodium hydroxide 
20 (4.2 ml), and the resulting mixture was stirred at 50°C for 2 hours. The reaction mixture was mixed with 1 N hydrochloric 
acid (4.2 ml) at 0°C, was concentrated under reduced pressure and was mixed with water, and an insoluble material 
was collected by filtration. The insoluble material was washed with water and was dried under reduced pressure to 
obtain 2-(2,4-difluorobenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (436 mg, 1.32 mmol, 95%). 

25 Example 11 (Production of compound 11) 

[01 90] To a mixture of 2-(2,4-dmuorobenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (1 70 mg, 0.51 
mmol), 4-[N-methyl-N-(tetrahydropyran^-yl)aminomethyl]aniline (136 mg, 0.62 mmol), 1 -hydroxybenzotriazole (83 
mg, 0.61 mmol) and DMF (6 ml) were added at 0°C 1-[3-(dimethylamino)propyi]-3-ethylcarbodiimide hydrochloride 

30 (1 97 mg, 1 .03 mmol) and triethylamine (0.21 5 ml, 1 .54 mmol), and the resulting mixture was stirred at room temperature 
for 2 days. The reaction mixture was concentrated under reduced pressure, ethyl acetate (40 ml) was added to the 
residue and the resulting mixture was washed with an aqueous saturated solution of sodium bicarbonate (10 ml, 5 ml 
x 2). The organic layer was dried with anhydrous magnesium sulfate and was then concentrated under reduced pres- 
sure, and the residue was subjected to column chromatography (silica gel: 15 g, ethyl acetate). The objective fractions 

35 were concentrated under reduced pressure, diisopropyl ether was added to the residue and an insoluble materia! was 
collected by filtration. The insoluble material was washed with diisopropyl ether and was then dried under reduced 
pressure to obtain 2-(2,4-difluorobenzyloxy)-N-[4-[N-methyl-N-(4-tetrahydropyran-4-y0aminomethyl]phenyI]-6,7-dihy- 
dro-5H-benzocycloheptene-8-carboxamide (compound 11) (228 mg, 0.43 mmol, 83%). 
IR (KBr) : 1651, 1601, 1510 cm" 1 . 

40 1 H-NMR (CDCI3) 8: 1 .5-1 .85 (4H, m), 2.0-2.25 (2H, m), 2.21 (3H, s), 2.55-2.85 (5H, m), 3.25-3.45 (2H, m), 3.57 

(2H, s), 3.95-4.1 (2H, m), 5.07 (2H, s), 6.75-7.0 (4H, m), 7.09 (1 H, d, J = 8.0 Hz), 7.29 (1H, s), 7.31 (2H, d, J = 8.6 Hz), 
7.4-7.65 (1 H, m), 7.55 (2H, d, J = 8.6 Hz), 7.59 (1 H, s). 

Reference Example 35 

45 

[0191] To methyl 2-hydroxy-6 l 7-dihydro-5H-benzocycloheptene-8-carboxylate (327 mg, 1.50 mmol) dissolved in 
DMF (6 ml) were added potassium carbonate (415 mg, 3.00 mmol) and 2,6-difluorobenzyl chloride (268 mg, 1.65 
mmol), and the resulting mixture was stirred at room temperature for 24 hours. The reaction mixture was concentrated 
under reduced pressure, ethyl acetate (40 ml) was added to the residue and the resulting mixture was washed with 

50 water (5 ml x 2) and an aqueous saturated solution of sodium chloride (5 ml). The organic layer was dried with anhy- 
drous magnesium sulfate and was then concentrated under reduced pressure, and the residue was subjected to column 
chromatography (silica gel: 15 g, ethyl acetate/hexane = 1/25). The objective fractions were concentrated under re- 
duced pressure to obtain methyl 2-(2,6-difluorobenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (507 mg, 
1.47 mmol, 98%). 

55 IR (KBr): 1709 cm" 1 . 

1 H-NMR (CDCI 3 ) 5: 1.95-2.15 (2H, m), 2.55-2.8 (4H, m), 3.82 (3H, s), 5.11 (2H, s), 6.85-7.0 (2H, m), 6.87 (1H, 
dd, J= 2.8, 8.2 Hz), 7.08 (1H, d, J = 8.2 Hz), 7.25-7.45 (1H, m), 7.66 (1H, s). 
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Reference Example 36 

[0192] To 2-(2,6-difluorobenzyloxy)-6,7-dihydro-5H^ (486 mg> 1 41 mmoj) djs . 

solved in a mixed solvent of methanol (7 ml) and THF (7 m!) was added a IN aqueous solution of sodium hydroxide 
(4.4 ml), and the resulting mixture was stirred at 50°C for 6 hours. The reaction mixture was mixed with 1 N hydrochloric 
acid (4.4 ml) at 0°C, was concentrated under reduced pressure and was mixed with water, and an insoluble material 
was collected by filtration. The insoluble material was washed with water and was dried under reduced pressure to 
obtain 2-(2,6-difluorobenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (450 mg, 1.36 mmol, 97%). 

Example 12 (Production of compound 12) 

[01 93J To a mixture of 2-(2,6-difluorobenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (1 70 mg, 0.51 
mmol), 4-[N-methyl-N-(tetrahydropyran^-yl)aminomethyl]aniline (136 mg, 0.62 mmol), 1-hydroxybenzotriazole (83 
mg, 0.61 mmol) and DMF (8 ml) were added at 0°C 1-[3-(dimethylamino)propy0-3-ethylcarbodiimide hydrochloride 
(1 97 mg, 1 .03 mmol) and triethylamine (0.21 5 ml, 1 .54 mmol), and the resulting mixture was stirred at room temperature 
for 3 days. The reaction mixture was concentrated under reduced pressure, ethyl acetate (40 ml) was added to the 
residue and the resulting mixture was washed with an aqueous saturated solution of sodium bicarbonate (1 0 ml, 5 ml 
x 2). The organic layerwas dried with anhydrous magnesium sulfate and was then concentrated under reduced pres- 
sure, and the residue was subjected to column chromatography (silica gel: 15 g, ethyl acetate) .The objective fractions 
were concentrated under reduced pressure, and the residue was dissolved in ethyl acetate (1 0 ml). Thereto was added 
at 0°C 4 N hydrogen chloride (a solution in ethyl acetate, 0.5 ml), and an insoluble material was collected by filtration. 
The insoluble material was washed with ethyl acetate and was then dried under reduced pressure to obtain 2-(2,6-di- 
fluorobenzyloxy)-N-[4-[N-methy!-N^^ 

tene-8-carboxamide hydrochloride (compound 12) (255 mg, 0.45 mmol, 87%) 
IR (KBr): 1651, 1597, 1522 cm* 1 . 

iH-NMR (DMSO-d 6 ) S: 1.55-2.2 (6H, m), 2.45-2.65 <2H, m), 2.59 (3H, s), 2.65-2.85 (2H, m), 3 2-3 6 (3H m) 
3.9-4.1 (2H, m), 4.12 (1H, d, J = 12.4 Hz), 4.44 (1H, d, J = 12.4 Hz), 5.11 (2H, s), 6.93 (1H, dd, J = 2 4 8 1 Hz) 7 07 
(1H, d, J = 2.4 Hz), 7.1-7.3 (3H, m), 7.25 (1H, s), 7.45-7.65 (1H, m), 7.53 (2H, d, J = 8.4 Hz), 7.82 (2H, d, J = 8.4 Hz). 

Reference Example 37 

[0194] To methyl 2-hydroxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (327 mg, 1.50 mmol) dissolved in 
DMF (6 ml) were added potassium carbonate (415 mg, 3.00 mmol) and 3,5-bis(trifiuoromethyl)benzyl bromide (302 
mg, 1 .65 mmol), and the resulting mixture was stirred at room temperature for 17 hours. The reaction mixture was 
concentrated under reduced pressure, ethyl acetate (40 ml) was added to the residue and the resulting mixture was 
washed with water (5 ml x 2) and an aqueous saturated solution of sodium chloride (5 ml). The organic layer was 
dried with anhydrous magnesium sulfate and was then concentrated under reduced pressure, and the residue was 
subjected to column chromatography (silica gel: 15 g, ethyl acetate/hexane = 1/25). The objective fractions were con- 
centrated under reduced pressure, hexane was added to the residue and an insoluble material was collected by filtra- 
tion. The insoluble material was washed with hexane and was then dried under reduced pressure to obtain methyl 

2-[3,5-bis(trifluoromethyl)benzyloxy]-6,7-dihydro-5H-benzocycloheptene-8-carboxyiate (524 mg, 1 22 mmo! 81%) 
IR (KBr) : 1709 cm* 1 . 

1 H-NMR (CDCI 3 ) 6: 1.95-2.15 (2H, m), 2.55-2.7 (2H, m), 2.7-2.85 (2H, m), 3.82 (3H, s), 5.16 (2H, s) 6 85 (1H 
dd, J = 2.7, 8.2 Hz), 6.95 (1H, d, J = 2.7 Hz), 7.11 (1H, d, J = 8.2 Hz), 7.66 (1H, s), 7.86 (1H, s), 7.91 (2H, s). 

Reference Example 38 

[0195] To methyl 2-[3,5-bis(trmuoromethyl)benzyloxy]-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (494 mg 
1.15 mmol) dissolved in a mixed solvent of methanol (7 ml) and THF (7 ml) was added a IN aqueous solution of sodium 
hydroxide (3.5 ml), and the resulting mixture was stirred at 50°C for 4 hours. The reaction mixture was mixed with 1 
N hydrochloric acid (3.5 ml) at 0*C, was concentrated under reduced pressure and was mixed with water and an 
insoluble material was collected by filtration. The insoluble material was washed with water and was dried under re- 
duced pressure to obtain 2-[3,5-bis(trifluoromethyl)benzyloxyj-6,7-dihydro-5H-benzocycloheptene-8<arboxylic acid 
(475 mg, 1 .1 0 mmol, 96%). 

Example 1 3 (Production of compound 1 3) 

[0196] To a mixture of 2-[3,5-bis(trmuoromethyl)benzyloxy]-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid 
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(170 mg, 0.40 mmol), 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline dihydrochloride (127 mg, 0.43 mmol), 
1-hydroxybenzotriazole (64 mg, 0.47 mmol) and DMF (8 ml) were added at 0°C 1-[3-(dimemylamino)propyQ-3-ethyl- 
carbodiimide hydrochloride (151 mg, 0.79 mmol) and triethylamine (0.275 ml, 1.97 mmol), and the resulting mixture 
was stirred at room temperature for 3 days. The reaction mixture was concentrated under reduced pressure, ethyl 

5 acetate (40 ml) was added to the residue and the resulting mixture was washed with an aqueous saturated solution 
of sodium bicarbonate (1 0 ml, 5 ml x 2). The organic layer was dried with anhydrous magnesium sulfate and was then 
concentrated under reduced pressure, and the residue was subjected to column chromatography (silica gel: 15 g, ethyl 
acetate). The objective fractions were concentrated under reduced pressure, diisopropyi ether was added to the residue 
and an insoluble material was collected by filtration. The insoluble material was washed with diisopropyi ether and was 

10 then dried under reduced pressure to obtain 2-[3,5-bis(trif!uoromethyl)benzyloxy]-N-[4-[N-methyl-N-(4-tetrahydro- 
pyran^-yl)aminomethyl]phenyl]-6,7-dihydro-5H-benzocycloheptene-8-carboxamide (compound 13) (189 mg, 0.30 
mmol, 76%). 

IR (KBr) : 1653, 1601, 1514 cm* 1 . 

1 H-NMR (CDCI3) 5: 1 .6-1 .85 (4H, m), 2.0-2.25 (2H, m), 2.21 (3H, s), 2.55-2.85 (5H, m), 3.25-3.45 (2H, m), 3.58 
15 (2H, s), 3.95-4.1 (2H, m), 5.16 (2H, s), 6.85 (1 H, dd, J = 2.7, 8.2 Hz), 6.94 (1 H, d, J = 2.7 Hz), 7.13 (1H, d, J = 8.2 Hz), 
7.31 (1H, s), 7.32 (2H, d, J = 8.6 Hz), 7.55 (2H, d, J = 8.6 Hz), 7.60 (1H, s), 7.86 (1H, s), 7.91 (2H, s). 

Reference Example 39 

20 [0197] To triphenylphosphine (590 mg, 2.25 mmol), 4-ethoxybenzyl alcohol (342 mg, 2.25 mmol) and methyl 2-hy- 
droxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (327 mg, 1.50 mmol) dissolved in THF (6 ml) was added at 
0°C a solution of diisopropyi azodicarboxylate (0.439 ml, 2.23 mmol) in THF (2 ml), and the resulting mixture was 
stirred at room temperature for 6 hours. The reaction mixture was concentrated under reduced pressure and the residue 
was subjected to column chromatography (silica gel: 50 g, ethyl acetate/hexane = 1/25 -» 1/1 9). The objective fractions 

25 were concentrated under reduced pressure, diisopropyi ether was added to the residue and an insoluble material was 
collected by filtration. The insoluble material was washed with diisopropyi ether and was then dried under reduced 
pressure to obtain methyl 2-(4-ethoxybenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (308 mg, 0.87 
mmol, 58%). 

IR (KBr): 1709 cnr 1 . 

30 1 H-NMR (CDCI3) : 6 1 .42 (3H, t, J = 7,0 Hz), 1 .95-2.1 (2H, m), 2.55-2.8 (4H, m), 3.81 (3H, s), 4.05 (2H, q, J = 

7.0 Hz), 4.97 (2H, s), 6.84 (1 H, dd, J = 2.7, 8.3 Hz), 6.91 (2H, d, J = 8.7 Hz), 6.92 (1 H, d, J a 2.7 Hz), 7.34 (2H, d, J = 
8.7 Hz), 7.65 (1H.S). 

Reference Example 40 

35 

[01 98] To methyl 2-(4-ethoxybenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (296 mg, 0,84 mmol) dis- 
solved in a mixed solvent of methanol (4 ml) and THF (4 m!) was added a IN aqueous solution of sodium hydroxide 
(2.5 ml), and the resulting mixture was stirred at 50°C for 4 hours. The reaction mixture was mixed with 1 N hydrochloric 
acid (2.5 ml) at 0°C, was concentrated under reduced pressure and was mixed with water, and an insoluble material 
40 was collected by filtration. The insoluble material was washed with water, and was dried under reduced pressure to 
obtain 2-(4-ethoxybenzyloxy)-6,7-dihydro-5H-benzocycloheptene-8-carboxy1ic acid (283 mg, 0.84 mmol). 

Example 14 (Production of compound 14) 

45 [0199] To a mixture of 2-(4-ethoxybenzyloxy)-6 I 7-dihydro-5H-benzocycloheptene-8-carboxylic acid (170 mg, 0.50 
mmol), 4-{N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline (133 mg, 0.60 mmol), 1-hydroxybenzotriazole (81 
mg, 0.60 mmol) and DMF (8 ml) were added at 0°C 1-[3-(dimethylamino)propyI]-3-ethylcarbodiimide hydrochloride 
(1 93 mg, 1 .01 mmol) and triethylamine (0.21 ml, 1 .51 mmol), and the resulting mixture was stirred at room temperature 
for 24 hours. The reaction mixture was concentrated under reduced pressure, ethyl acetate (40 ml) was added to the 

so residue and the resulting mixture was washed with an aqueous saturated solution of sodium bicarbonate (1 0 ml, 5 ml 
x 2). The organic layer was dried with anhydrous magnesium sulfate and was then concentrated under reduced 
pressure, and the residue was subjected to column chromatography (silica gel: 15 g, ethyl acetate). The objective 
fractions were concentrated under reduced pressure, diisopropyi ether was added to the residue and an insoluble 
material was collected by filtration. The insoluble material was washed with diisopropyi ether and was then dried under 

55 reduced pressure to obtain 2-(4-ethoxybenzyloxy)-N-[4-[N-methyl-N-(4-tetrahydropyran-4-y0aminomethyl]phenyi]- 
6,7-dihydro-5H-benzocycioheptene-8-carboxamide (compound 14) (234 mg, 0.43 mmol, 86%). 
IR (KBr): 1651, 1601, 1514cm- 1 . 

1 H-NMR (CDCI3) 8: 1 .42 (3H, t, J = 7.0 Hz), 1 .55-1 .85 (4H, m), 2.0-2.25 (2H, m), 2.21 (3H, s), 2.55-2.85 (5H, m), 
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3.3-3.45 (2H, m), 3.57 (2H, s), 3.95^.15 (2H, m), 4.04 (2H, q, J =7.0 Hz), 4.98 (2H, s), 6.84 (1H, dd, J = 2.8, 8 4 Hz) 
6.90 (1H, d, J = 2.8 Hz), 6.91 (2H, d, J = 8.8 Hz), 7.08 (1H, d, J = 8.4 Hz), 7.28 (1H, s), 7.31 (2H, d, J = 8.4 Hz), 7.34 
(2H, d, J = 8.8 Hz), 7.55 (2H, d, J = 8.4 Hz), 7.61 (1 H, s). 

s Reference Example 41 

[0200] To 3-methoxy-5-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene (20.32 mg, 107 mmoi) dissolved in dimethyl 
carbonate (500 ml) was added sodium methoxide (28.85 g, 534 mmol), and the resulting mixture was stirred at reflux 
with heating (110°C) for 6 hours. The reaction mixture was mixed with 2 N hydrochloric acid (320 ml) under ice cooling 
and was concentrated under reduced pressure to remove the organic solvent, and then the aqueous layer was extracted 
with ethyl acetate (200 ml, 150 ml x 3). The combined organic layers were dried with anhydrous magnesium sulfate 
and were then concentrated under reduced pressure, and the residue was subjected to column chromatography (silica 
gel: 150 g, ethyl acetate/hexane = 1/1 9). The objective fractions were concentrated under reduced pressure to obtain 
methyl S-methoxy-S-oxo-e^^^-tetrahydro-SH-benzocycloheptene-eorboxylate (24.20 g, 97.5 mmol, 91%). 

Reference Example 42 

[0201] To methyl 3-methoxy-5-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene-6-carboxylate (1 079 mg, 4.35 mmol) 
dissolved in a mixed solvent of dichioromethane (10 ml) and methanol (2.5 ml) was added at -40°C (inner temperature) 
sodium borohydride (300 mg, 7.93 mmol), and the resulting mixture was stirred at -15°C to -1 0°C for 1 .5 hours The 
reaction mixture was cooled to -40°C, was mixed with water (10 ml) and extracted with dichioromethane (x 3). The 
combined organic layers were dried with anhydrous magnesium sulfate and were then concentrated under reduced 
pressure. To the residue dissolved in dichioromethane (15 ml) were added at 0°C triethylamine (3.03 ml, 21 .7 mmol) 
and methanesulfonyl chloride (0.505 ml, 6.52 mmol), and the resulting mixture was stirred at room temperature for 18 
hours. In order to complete the reaction, DBU (1 .95 ml, 13.0 mmol) was added, and the resulting mixture was stirred 
at room temperature for 3 hours. I he reaction mixture was concentrated under reduced pressure, was mixed with 
water and was extracted with ethyl acetate (x 3). The combined organic layers were washed with 1 N hydrochloric 
acid (x 3) and an aqueous saturated solution of sodium chloride, were dried with anhydrous magnesium sulfate and 
were then concentrated under reduced pressure, and the residue was subjected to column chromatography (silica gel, 
ethyl acetate/hexane = 1/9). The objective fractions were concentrated under reduced pressure to obtain methyl 
2-methoxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (730 mg, 3.14 mmol, 72%) 
IR(KBr):1709cnr*. 

1 H-NMR (CDCy 6: 1 .95-2.1 (2H, m), 2.55-2.8 (4H, m), 3.80 (3H, s), 3.82 (3H, s), 6.77 (1 H, dd, J = 2.7, 8 3 Hz) 
6.85 (1 H, d, J = 2.7 Hz), 7.06 (1 H, d, J = 8.3 Hz), 7.66 (1 H, s). 

Reference Example 43 

[0202] To methyl 2-methoxy-6,7-dihydro-5H-benzocycloheptene-8<arboxylate (5.07 g, 21.8 mmol) dissolved in 
dichioromethane (100 ml) was added dropwise at -60°C to -70°C (inner temperature) boron tribromide (a 1 M solution 
in dichioromethane, 87 ml), and the resulting mixture was stirred for 5 hours while raising the temperature from -70°C 
to room temperature. The reaction mixture was mixed with diethyl ether and water (100 ml) in the order, and was 
extracted with dichioromethane (1 00 ml, 50 ml x 2). The combined organic layers were dried with anhydroiis magne- 
sium sulfate, and were then concentrated under reduced pressure. To the residue dissolved in methanol (150 ml) was 
added sulfuric acid (0.5 ml), and the resulting mixture was stirred under reflux with heating (1 00°C) for 24 hours. The 
reaction mixture was concentrated under reduced pressure, was mixed with ethyl acetate (150 ml) and was washed 
with an aqueous saturated solution of sodium chloride (30 ml x 3). After drying with anhydrous magnesium sulfate, 
the organic layer was concentrated under reduced pressure, diisopropyl etherwas added to the residue and an insoluble 
material was collected by filtration. The insoluble material was washed with diisopropyl ether and was then dried under 
reduced pressure to obtain methyl 2-hydroxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (4.31 g, 19.7 mmol, 
90%). 

IR (KBr):1686cnri. 

1 H-NMR (CDCI 3 ) 5: 1.95-2.15 (2H, m), 2.55-2.8 (4H, m), 3.82 (3H, s), 6.71 (1H, dd, J = 2.5, 8.1 Hz) 6 81 (1H 
d,J = 2.5Hz),7.02(1H,d, J = 8.1 Hz), 7.63 (1 H, s). 

5 $ Reference Example 44 

[0203] To methyl 2-hydroxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (400 mg, 1.83 mmol) dissolved in 
DMF (8 ml) were added potassium carbonate (507 mg, 3.67 mmol) and cyclohexylmethyl bromide (0.511 ml, 3.66 
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mmol), and the resulting mixture was stirred at room temperature for 23 hours and at 100°C for 6 hours. The reaction 
mixture was concentrated under reduced pressure, water was added to the residue and the resulting mixture was 
extracted with ethyl acetate (x 3). The combined organic layers were dried with anhydrous magnesium sulfate and 
were then concentrated under reduced pressure, and the residue was subjected to column chromatography (silica gel: 
5 15 g, ethyl acetate/hexane = 1/19). The objective fractions were concentrated under reduced pressure, hexane was 
added to the residue and an insoluble material was collected by filtration. The insoluble material was washed with 
hexane and was then dried under reduced pressure to obtain methyl 2-cyclohexylmethyloxy-6,7-dihydro-5H-benzocy- 
cloheptene-8-carboxylate (452 mg, 1 .44 mmol, 78%). 
IR (KBr): 1709 cm -1 . 

10 1 H-NMR (CDCy 5: 0.9-2.1 (13H, m), 2.55-2.8 (4H, m), 3.74 (2H, d, J = 65 Hz), 3.81 (3H, s), 6.76 (1H, dd, J = 

2.5, 8.1 Hz), 6.84 (1H, d, J = 2.5 Hz), 7.04 (1H, d, J = 8.1 Hz), 7.65 (1H, s). 

Reference Example 45 

is [0204] To methyl 2-cyclohexylmethyloxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (425 mg, 1.35 mmol) 
dissolved in a mixed solvent of methanol (5 ml) and THF (5 ml) was added a IN aqueous solution of sodium hydroxide 
(4 ml), and the resulting mixture was stirred at 50°C for 6 hours. The reaction mixture was mixed with 1 N hydrochloric 
acid (4 ml) at 0°C, was concentrated under reduced pressure and was mixed with water, and an insoluble material 
was collected by filtration. The insoluble material was washed with water and was dried under reduced pressure to 

20 obtain 2-cyclohexylmethyloxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (389 mg, 1 .29 mmol, 96%). 

Example 15 (Production of compound 15) 

[0205] To a mixture of 2-cyclohexylmethyloxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (170 mg, 0.57 
25 mmol), 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline (150 mg, 0.68 mmol), 1 -hydroxybenzotriazole (84 
mg, 0.62 mmol) and DMF (6 ml) were added at 0°C 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride 
(21 7 mg, 1 . 1 3 mmol) and triethylamine (0.237 ml, 1 .70 mmol), and the resulting mixture was stirred at room temperature 
for 4 days. The reaction mixture was concentrated under reduced pressure, ethyl acetate (40 ml) was added to the 
residue and the resulting mixture was washed with an aqueous saturated solution of sodium bicarbonate (10 ml, 5 ml 
30 x 2). The organic layer was dried with anhydrous magnesium sulfate and was then concentrated under reduced pres- 
sure, and the residue was subjected to column chromatography (silica gel: 15 g, ethyl acetate). The objective fractions 
were concentrated under reduced pressure, and the residue was dissolved in ethyl acetate (1 0 ml). Thereto was added 
at 0°C 4 N hydrogen chloride (a solution in ethyl acetate, 0.285 ml), and an insoluble material was collected by filtration. 
The insoluble material was washed with ethyl acetate and was then dried under reduced pressure to obtain 2-cyclohex- 
35 yimethyloxy-N-[4-[N-methyl-N-(4-tetrahydropyran-4-yI)aminomethyl]phenyl]-6,7-dihydro-5H-benzocycloheptene- 
8-carboxamide hydrochloride (compound 15) (258 mg, 0.48 mmol, 85%). 
IR (KBr) : 1651, 1601, 1522 cm' 1 . 

1 H-NMR (DMSO-ds) 8: 0.9-1 .4 (5H, m), 1 .5-2.2 (12H, m), 2.4-2.65 (2H, m), 2.59 (3H, s), 2.65-2.8 (2H, m), 3.2-3.6 
(3H, m), 3.77 (2H, d, J = 5.8 Hz), 3.9-4.1 (2H, m), 4.12 (1H, d, J = 12.4 Hz), 4.43 (1H, d, J = 12.4 Hz), 6.80 (1H, dd, J 
40 = 2.5, 8.6 Hz), 6.94 (1H, d, J = 2.5 Hz), 7.12 (1H, d, J = 8.6 Hz), 7.25 (1H, s), 7.54 (2H, d, J = 8.6 Hz), 7.81 (2H f d t J 
= 8.6 Hz), 10.14 (1H.S). 

Reference Example 46 

45 [0206] To triphenylphosphine (1 .1 8 g, 4.50 mmol), cyclohexanol (0.468 ml, 4.50 mmol) and methyl 2-hydroxy-6,7-di- 
hydro-5H-benzocycloheptene-8-carboxylate (327 mg, 1 .50 mmol) dissolved in THF (6 ml) was added at 0°C a solution 
of diisopropyl azodicarboxylate (0.886 ml, 4.50 mmol) in THF (4 ml), and the resulting mixture was stirred at room 
temperature for 3 days. The reaction mixture was concentrated under reduced pressure and the residue was subjected 
to column chromatography (silica gel: 45 g, ethyl acetate/hexane = 1/25). The objective fractions were concentrated 

so under reduced pressure to obtain methyl 2-cyclohexyloxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (434 mg, 
1.44 mmoi, 96%). 

IR (KBr): 1709 crrri. 

1 H-NMR (CDCI3) : 6 1.15-2.1 (12H, m), 2.55-2.65 (2H, m), 2.65-2.8 (2H, m), 3.81 (3H, s), 4.1-4.3 (1H, m), 6.77 
(1 H, dd, J = 2.7, 8.1 Hz), 6.85 (1 H, d, J = 2.7 Hz), 7.03 (1 H, d, J = 8.1 Hz), 7.64 (1 H, s). 

55 

Reference Example 47 

[0207] To methyl 2-cyclohexyloxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (41 2 mg, 1 .37 mmol) dissolved 
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in a mixed solvent of methanol (5 ml) and THF (5 ml) was added a IN aqueous solution of sodium hydroxide (4.0 ml) 
and the resulting mixture was stirred at 50°C for 6 hours. The reaction mixture was mixed with 1 N hydrochloric acid 
(4.0 ml) at 0°C, was concentrated under reduced pressure and was mixed with water, and an insoluble material was 
collected by filtration. The insoluble material was washed with water and was dried under reduced pressure to obtain 
a-cyclohexyloxy-ej-dihydro-SH-benzocycloheptene-e-carboxylic acid (388 mg, 1.35 mmol, 99%). 

Example 1 6 (Production of compound 1 6) 

[0208] To a mixture of 2-cyclohexyloxy"6,7-dihydro-5H-benzocycloheptene-8-carboxync acid (1 70 mg, 0.59 mmol) 
4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline (157 mg, 0.71 mmoi), 1-hydroxybenzotriazole'(96 mg 0 71 
mmol) and DMF (8 m!) were added at 0*C 1-[3-(dimethylamino)propyl]-3-ethy!carbodiimide hydrochloride (228 mg 
1.19 mmol) and triethylamine (0.248 ml, 1 .78 mmol), and the resulting mixture was stirred at room temperature for 24 
hours. The reaction mixture was concentrated under reduced pressure, ethyl acetate (40 ml) was added to the residue 
and the resulting mixture was washed with an aqueous saturated solution of sodium bicarbonate (10 ml, 5 ml x 2). 
The organic layer was dried with anhydrous magnesium sulfate and was then concentrated under reduced pressure 
and the residue was subjected to column chromatography (silica gel: 15 g, ethyl acetate). The objective fractions were 
concentrated under reduced pressure, diisopropyl ether was added to the residue and an insoluble material was col- 
lected by filtration. The insoluble material was washed with diisopropyl ether and was then dried under reduced pressure 
to obtain 2^clohexyIoxy-N-[4-[N-methyL^ 

cloheptene-8-carboxamide (compound 16) (248 mg, 0.51 mmol, 85%). 
IR (KBr): 1651, 1601, 1514 cm-1. 

1 H-NMR (CDCI 3 ) 6: 1 .15-2.25 (16H, m), 2.21 (3H, s), 2.5-2.85 (5H, m), 3.25-3.45 (2H, m), 3.57 (2H s) 3 95-4 1 
(2H, m), 4.1-4.3 (1 H, m), 6.77 (1 H, dd, J = 2.7, 8.2 Hz), 6.85 (1 H, d, J = 2.7 Hz), 7.06 (1 H, d, J = 8.2 Hz) 7 29 (1 H s) 
7.31(2H,d l J = 8.4Hz),7.55(2H,d,J = 8.4Hz),7.60(1H,s). 

Reference Example 48 

[0209] To triphenylphosphine (2361 mg, 9.00 mmol), 1-tert-butoxycarbonyl-4-hydroxypiperidine (1812 mg 9 00 
mmol) and methyl 2-hydroxy-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (655 mg, 3.00 mmol) dissolved in THF 
(15 ml) was added at 0°C a solution of diisopropyl azodicarboxylate (1.772 ml, 9.00 mmol) in THF (2 ml) and the 
resulting mixture was stirred at room temperature for 24 hours. The reaction mixture was concentrated under reduced 
pressure and the residue was subjected to column chromatography (silica gel: 70 g, ethyl acetate/hexane = 1/9 -> 
1/7). The objective fractions were concentrated under reduced pressure to obtain methyl 2-[(1-tert-butoxycarbonyl- 
piperidin-4-yl)oxy]-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (1270 mg) 
IR (KBr): 1698 cm-1. 

1 H-NMR (CDCI3) : 6 1.47 (9H, s), 1.6-2.1 (6H, m), 2.55-2.7 (2H, m), 2.7-2.8 (2H, m), 3.2-3.45 (2H, m) 3 6-3 8 
(2H, m), 3.82 (3H, s), 4.35-4.55 (1H, m), 6.78 (1H, dd, J = 2.7, 8.3 Hz), 6.87 (1H, d, J = 2.7 Hz), 7.05 (1H d J = 8 3 
Hz), 7.63 (1H, s). 

Reference Example 49 

[021 0] To methyl 2-[(1 -tert-butoxycarbonylpiperidin-4-yl)oxy]-6,7-dihydro-5H-benzocycloheptene-8-carboxyim 
(1245 mg, 3.10 mmol) dissolved in a mixed solvent of methanol (10 ml) and THF (10 ml) was added a IN aqueous 
solution of sodium hydroxide (9.3 ml), and the resulting mixture was stirred at room temperature for 23 hours The 
reaction mixture was mixed with 1 N hydrochloric acid (9.3 ml) at 0°C, was concentrated under reduced pressure and 
was mixed with water, and an insoluble material was collected by filtration. The insoluble material was washed with 
water, and was dried under reduced pressure to obtain 2-[(1 -tert-butoxycarbonylpiperidin-4-yl)oxy]-6 7-dihydro-5H- 
benzocycloheptene-8-carboxylic acid (1150 mg, 2.97 mmol, 96%). 

Example 17 (Production of compound 17) 

[021 1 ] To a mixture of 2-[(1 -tert-butoxycarbonylpiperidin^-yOoxyJ-ej-dihydro-SH-benzocycioheptene-B-carboxylic 
acid (1088 mg, 2.81 mmol), 4-[N-methyl-N-(tetrahydropyran^-yl)aminomethyl]aniline hydrochloride (742 mg 3 37 
mmoi), 1 -hydroxybenzotriazole (455 mg, 3.37 mmol) and DMF (30 ml) were added at 0°C 1 -[3-(dimethylamino)propyl]- 
3-ethylcarbodiimide hydrochloride (1077 mg, 5.62 mmol) and triethylamine (1.174 ml, 8.42 mmol), and the resulting 
mixture was stirred at room temperature for 3 days. The reaction mixture was concentrated under reduced pressure 
ethyl acetate (160 ml) was added to the residue and the resulting mixture was washed with an aqueous saturated 
solution of sodium bicarbonate (40 ml, 20 ml x 2). The organic layer was dried with anhydrous magnesium sulfate and 
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was then concentrated under reduced pressure, and the residue was subjected to column chromatography (silica gel: 
70 g, ethyl acetate). The objective fractions were concentrated under reduced pressure to obtain 2-[(1 -tert-butoxycar- 
bonylpiperidin-4-yt)oxy]-N-{4-[N-memyl-^ 

doheptene-8-carboxamide (compound 17) (1446 mg, 2.45 mmol, 87%). 
5 IR (KBr): 1694, 1667, 1599, 1514 cm- 1 . 

1H-NMR (CDCI3) 5: 1.47 (9H, s), 1.5-2.0 (BH, m), 2.0-2.25 (2H, m), 2.21 (3H, s), 2.5-2.85 (5H, m), 3.2-3.45 (4H, 
m), 3.57 (2H, s), 3.6-3.8 (2H, m), 3.95-4.1 (2H, m), 4.35-4.5 (1 H, m), 6.78 (1H, dd, J = 2.6, BJ2 Hz), 6.85 (1H, d, J = 
2.6 Hz), 7.07 (1H, d, J = 8.2 Hz), 7.29 (1H, s), 7.31 (2H, d, J = 8.4 Hz), 7.55 (2H, d, J = 8.4 Hz), 7.61 (1H, s). 

10 Reference Example 50 

[0212] To triphenylphosphine (1 .1 8 g, 4.50 mmol), tetrahydropyran-4-ol (0.429 g, 4.50 mmol) and methyl 2-hydroxy- 
6,7-dihydro-5H-benzocycloheptene-8K:arboxylate (327 mg, 1 .50 mmol) dissolved in THF (10 ml) was added at 0°C a 
solution of diisopropyl azodicarboxylate (0.886 ml, 4.50 mmol) in THF (2 ml), and the resulting mixture was stirred at 
15 room temperature for 3 days. The reaction mixture was concentrated under reduced pressure and the residue was 
subjected to column chromatography (silica gel: 45 g, ethyl acetate/hexane = 1/25). The objective fractions were con- 
centrated under reduced pressure to obtain methyl 2-[(tetrahydropyran-4-y0oxyj-6,7-dihydro-5H-benzocycloheptene- 
8-carboxylate (427 mg, 1 .41 mmol, 94%). 
IR (KBr): 1709 cnr 1 . 

20 1 H-NMR (CDCI3) : 6 1 .65-1 .9 (2H, m), 1 .9-2.1 (4H, m), 2.55-2.7 (2H, m), 2.7-2.8 (2H, m), 3.5-3.65 (2H, m), 3.82 

(3H, s), 3.9-4.05 (2H, m), 4.35-4.55 (1H, m), 6.79 (1H, dd, J = 2.4, 8.3 Hz), 6.87 (1H, d, J = 2.4 Hz), 7.05 (1H, d, J = 
8.3 Hz), 7.63 (1H,s). 

Reference Example 51 

25 

[0213] To methyl 2-[(tetrahydropyran-4-yl)oxy]-6,7-dihydro-5H-benzocycloheptene-8-carboxylate (406 mg, 1.34 
mmol) dissolved in a mixed solvent of methanol (7 ml) and THF (7 ml) was added a IN aqueous solution of sodium 
hydroxide (4.0 ml), and the resulting mixture was stirred at 60°C for 5 hours. The reaction mixture was mixed with 1 
N hydrochloric acid (4.0 ml) at 0°C, was concentrated under reduced pressure and was mixed with water, and an 
30 insoluble material was collected by filtration. The insoluble material was washed with water and was dried under re- 
duced pressure to obtain 2-[(tetrahydropyran-4-yl)oxy]-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (307 mg, 
1.28 mmol, 96%). 

Example 18 (Production of compound 18) 

35 

[021 4] To a mixture of 2-[(tetrahydropyran-4-yl)oxy]-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (1 70 mg, 
0.59 mmol), 4-[N-methyl-N-(tetrahydropyran-4-yI)aminomethyl]aniline dihydrochloride (190 mg, 0.65 mmol), 1-hy- 
droxybenzotriazole (96 mg, 0.71 mmol) and DMF (8 ml) were added at 0°C H3-(dimethylamino)propyl]-3-ethylcarbo- 
diimide hydrochloride (226 mg, 1.18 mmol) and triethylamine (0.411 ml, 2.95 mmol), and the resulting mixture was 

40 stirred at room temperature for 3 days. The reaction mixture was concentrated under reduced pressure, .ethyl acetate 
(40 ml) was added to the residue and the resulting mixture was washed with an aqueous saturated solution of sodium 
bicarbonate (1 0 ml, 5 ml x 2). The organic layer was dried with anhydrous magnesium sulfate and was then concen- 
trated under reduced pressure, and the residue was subjected to column chromatography (silica gel: 15 g, ethyl ace- 
tate). The objective fractions were concentrated under reduced pressure, and the residue was dissolved in ethyl acetate 

45 (1 0 ml). Thereto was added at 0°C 4 N hydrogen chloride (a solution in ethyl acetate, 0.6 ml), and an insoluble material 
was collected by filtration. The insoluble material was washed with ethyl acetate and was then dried under reduced 
pressure to obtain 2-[(tetrahydropyran-4-yl)oxy]-N-[4-[N-methyl-N-(4-tetrahydropyran-4-yl)aminomethyllphenyl]- 
6,7-dihydro-5H-benzocycloheptene-8-carboxamide hydrochloride (compound 18) (264 mg, 0.50 mmol, 85%). 
IR (KBr) : 1649, 1597, 1522 cm* 1 . 

so 1 H-NMR (DMSO-ds) 6: 1 .45-2.2 (1 OH, m), 2.45-2.65 (2H, m), 2.59 (3H, s), 2.65-2.8 (2H, m), 3.2-3.55 (5H, m), 

3.75-4.1 (4H, m), 4.12 (1H, d, J = 13.1 Hz), 4.44 (1H, d, J = 13.1 Hz), 4.45-4.65 (1H, m), 6.86 (1H, dd, J = 2.4, 8.1 Hz), 
7.02 (1H, d, J - 2.4 Hz), 7.13 (1H, d, J = 8.1 Hz), 7.25 (1H, s), 7.55 (2H, d, J = 8.4 Hz), 7.82 (2H, d, J = 8.4 Hz). 

Reference Example 52 

55 

[0215] Into a solution of methyl 7-hydroxy-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (400 mg), 4-propox- 
yphenethyl alcohol (537 mg) and triphenylphosphine (782 mg) in THF (1 0 ml) was added at 0°C diethyl azodicarboxylate 
(a 40% solution in toluene) (1 .36 ml), and the resulting mixture was stirred at room temperature for 24 hours. After 
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concentration under reduced pressure, the residue was subjected to separation and purification using column chro- 
matography (ethyl acetate/hexane 1 : 1) to obtain methyl r^CpropoxyphenethyOoxyl-l.l-dioxo^.S-dihydro-l-ben- 
zothiepine-4-carboxylate (1 .2 g). 

[0216] Into a solution of methyl 7-[[4-(propoxyphenethyl)oxyH ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate 
1 .2 g) in THF/methanol (1 0/5 ml) was added at room temperature an aqueous solution (2.1 ml) of potassium carbonate 
(622 mg), and the resulting mixture was stirred at 60°C for 24 hours. After cooling to room temperature the reaction 
mixture was extracted with ethyl acetate. To the aqueous layer was added 1 N hydrochloric acid (10 ml), and the 
resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution 
of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the precipitated 
crystals were collected by filtration. The crystals were washed with diisopropyl ether to obtain 7-[[4-(propoxyphenethyl) 
oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (330 mg) as colorless crystals 

1 H-NMR (200 MHz, DMSO-dg) 5 0.97 (3H, t, J = 7.5 Hz), 1 .62-1 .80 (2H, m), 2.86-2.92 (2H, m), 2 99 (2H t J = 
7.0 Hz), 3.63-3.70 (2H, m), 3.89 (2H, t, J = 6.6 Hz), 4.28 (2H, t, J = 7.0 Hz), 6.86 (2H, d, J = 8.8 Hz) 7 13 (1H dd J 
= 8.8, 2.6 Hz), 7.23 (2H, d, J = 8.8 Hz), 7.33 (1 H, d, J = 2.6 Hz), 7.72 (1 H, s), 7.91 (1 H, d, J = 8.8 Hz). 

Reference Example 53 

[0217] Into a solution of methyl 7-hydroxy-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (400 mg) 3-pro- 
poxybenzyl alcohol (495 mg) and triphenylphosphine (782 mg) in THF (10 ml) was added at 0°C diethyl azodicarbo- 
xylate (a 40% solution in toluene) (1.36 ml), and the resulting mixture was stirred at room temperature for 24 hours 
After concentration under reduced pressure, the residue was subjected to separation and purification using column 
chromatography (ethyl acetate/hexane 1 : 2) to obtain methyl 7-(3-propoxybenzyl)oxy]-1 J 1-dioxo-2,3-dihydro.1-ben- 
zothiepine-4-carboxylate (650 mg). 

[0218] Into a solution of methyl 7-(3-propoxybenzyl)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (650 
mg) in THF/methanol (5/2.5 ml) was added at room temperature an aqueous solution (2.1 ml) of potassium carbonate 
(622 mg), and the resulting mixture was stirred at 60*C for 24 hours. After cooling to room temperature the reaction 
mixture was extracted with ethyl acetate. To the aqueous layer was added 1 N hydrochloric acid (10m!) and the 
resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution 
of sodium chlonde and was dried with magnesium sulfate. After concentration under reduced pressure the precipitated 
crystals were collected by filtration. The crystals were washed with diisopropyl ether to obtain 7-(3-propoxybenzyi)oxy]- 
1 ,1-dioxo.2,3-dihydro-1-benzothiepine-4-carboxylic acid (379 mg) as colorless crystals 
M. p. 205-206°C 

1 H-NMR (200 MHz, DMSO-d 6 ) 5 0.97 (3H, t, J = 7.3 Hz), 1 .63-1 .82 (2H, m), 2.87-2.93 (2H, m) 3 65-3 71 (2H 
m), 3.93 (2H, t, J = 6.4 Hz), 5.22 (2H, s), 6.88-6.93 (1 H, m), 6.99-7.03 (2H, m), 7.22 (1 H, dd, J = 8.7, 2.5 Hz) 7 30 
(1H,t,J = 8.8Hz) l 7.43(1H,d,J = 2.5Hz),7.72(1H,s) l 7.94(1H,d,J = 8.7Hz) 
[0219] Elemental Analysis. Calcd. for C^H^S: C, 62.67; H, 5.51 . Found: C, 62.35; H, 5.45. 

Reference Example 54 
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[0220] Into a solution of methyl 7-hydroxy-1,1-dioxo-2 t 3-dihydro-1-benzothiepine-4-carboxylate (400 mg) 2-pro- 
poxybenzyl alcohol (537 mg) and triphenylphosphine (782 mg) in THF (10 ml) was added at 0*C diethyl azodicarbo- 
xylate (a 40% solution in toluene) (1 .36 ml), and the resulting mixture was stirred at room temperature for 24 hours 
After concentration under reduced pressure, the residue was subjected to separation and purification using column 
chromatography (ethyl acetate/hexane 1 : 2) to obtain methyl 7-(2-propoxybenzyl)oxy]-1,1-dioxo-2,3-dihydro-1-ben- 
zothiepme-4-carboxylate (0.67 g). 

[0221] Into a solution of methyl 7-(2-propoxybenzyl)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (0 67 
THF/methano1 < 10/5 mI > was added * room temperature an aqueous solution (2.1 ml) of potassium carbonate 
(622 mg), and the resulting mixture was stirred at 60°C for 24 hours. After cooling to room temperature, the reaction 
mixture was extracted with ethyl acetate. To the aqueous layer was added 1 N hydrochloric acid (15 ml) and the 
resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution 
of sodium chlonde and was dried with magnesium sulfate. After concentration under reduced pressure the precipitated 
crystals were collected by filtration. The crystals were washed with diisopropyl ether to obtain 7-(2-propoxybenzyl)oxyl- 
1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (270 mg) as light yellow crystals 
M.p. 157-160°C ' 

1 H-NMR (200 MHz, DMSO-d 6 ) 5 0.96 (3H, t, J = 7.4 Hz), 1 .64-1 .82 (2H, m), 2.91 (2H, t, J = 6.4 Hz) 3 68 (2H t 

i i B fJZ\ *?L ( l H ;}\ J : 64 H2)> 520 {2H ' s)i 696 (1H ' J = 72 Hz >- 705 < 1H « * j = 84 Hz >' 7 -2o (ih, dd, j : 

8.8, 2.4 Hz), 7.28-7.44 (3H, m), 7.72 (1 H, s), 7.94 (1 H, d, J = 8.8 Hz). 

[0222] Elemental Analysis. Calcd. for C^H^S: C, 62.67; H, 5.51 . Found: C, 62.40; H, 5.38. 
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Example 19 (Production of compound 19) 

[0223] Into a solution of 7-[(4-(propoxyphenethyl)oxy]-1 ,1 -dioxo-2,3-di hydro- 1 -benzothiepine-4-carboxylic acid (1 80 
mg) in THF (5 ml) were added at room temperature thionyl chloride (0.063 ml) and DMF (one drop), and the resulting 

5 mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the residue dis- 
solved in THF (10 ml) was added dropwise to a solution of 4-[N-methyl-N-(tetrahydropyran-4-yf)aminomethyl]aniline 
(105 mg) and triethylamine (0.18 ml) in THF (2 ml) at room temperature. After being stirred at room temperature for 5 
hours, the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration 

10 under reduced pressure, the residue was subjected to purification using column chromatography (ethanol/ethyl acetate 
1 : 2) and to recrystallization (ethanoO to obtain N-[4-[^ 

poxyphenethyl)oxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide (compound 1 9) (1 53 mg) as colorless crys- 
tals. 

M. p. 157-158°C 

15 1 H-NMR (200 MHz, CDCI3) 5 1 .03 (3H, t, J = 7.3 Hz), 1 .62-1 .86 (6H, m), 2.21 (3H, s), 2.54-2.71 (1 H, m), 2.99-3.13 

(4H, m), 3.29-3.45 (2H, m), 3.57 (2H, s), 3.63-3.70 (2H, m), 3.90 (2H, t, J = 6.6 Hz), 3.97-4.09 (2H, m), 4.19 (2H, t, J 
= 7.0 Hz), 6.84-6.95 (4H, m), 7.18 (2H, d, J = 8.4 Hz), 7.19 (1H, s), 7.32 (2H, d, J = 8.4 Hz), 7.53 (2H, d, J = 8.4 Hz), 
7.79 (1H, S), 8.06 (1H, d, J = 8.8 Hz). 

[0224] Elemental Analysis. Calcd. for C^H^^OgS: C, 67.94; H, 6.84, N, 4.35. Found: C, 68.13; H, 6.83, N, 4.49. 

20 

Example 20 (Production of compound 20) 

[0225] Into a solution of 7-[(3-(propoxybenzyl)oxy)-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid (180 
mg) in THF (5 ml) were added at room temperature thionyl chloride (0.065 ml) and DMF (one drop), and the resulting 
mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the residue dis- 
solved in THF (10 ml) was added dropwise to a solution of 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline 
(108 mg) and triethylamine (0.19 ml) in THF (2 ml) at room temperature. After being stirred at room temperature for 
67 hours, the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was 
washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concen- 
tration under reduced pressure, the residue was subjected to purification using column chromatography (ethanol/ethyl 
acetate 1 : 3) and to recrystallization (ethanol) to obtain N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]phenyl]- 
7-[(3-(propoxybenzyl)oxy)-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxamide (compound 20) (204 mg) as color- 
less crystals. 

M. p. 197-199°C 

1 H-NMR (200 MHz, CDCI3) 5 1 .04 (3H, t, J = 7.3 Hz), 1 .64-1 .87 (6H, m), 2.20 (3H, s), 2.54-2.72 (1 H, m), 3.06-3.13 
(2H, m), 3.29-3.45 (2H, m), 3.57 (2H, s), 3.65-3.72 (2H, m), 3.93 (2H, t, J = 6.4 Hz), 3.98-4.09 (2H, m), 5.12 (2H, s), 
6.85-7.07 (4H, m), 7.20 (1 H, s), 7.30-7.34 (4H, m), 7.53 (2H, d, J = 8.4 Hz), 7.76 (1H, s), 8.09 (1H, d, J = 8.8 Hz). 
[0226] Elemental Analysis. Calcd. for C^H^NgOgS: C, 67.53; H, 6.67, N, 4.63. Found: C, 67.49; H, 6.63, N, 4.46. 

40 Example 21 (Production of compound 21 ) 

[0227] Into a solution of 7-[(2-propoxybenzy1)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (1 80 mg) 
in THF (5 ml) were added at room temperature thionyl chloride (0.065 ml) and DMF (one drop), and the resulting 
mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the residue dis- 

45 solved in THF (1 0 ml) was added dropwise into a solution of 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline 
(108 mg) and triethylamine (0.18 ml) in THF (2 ml) at room temperature. After being stirred at room temperature for 2 
days, the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration 
under reduced pressure, the residue was subjected to purification using column chromatography (silica gel: ethanol/ 

so ethyl acetate 1 : 3) and to recrystallization (ethanol) to obtain N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl] 
phenyl]-7-[(2-propoxybenzyl)oxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxamide (compound 21) (139 mg) as 
colorless crystals. 

M. p. 190-192°C 

1 H-NMR (200 MHz, CDCI3) 8 1.03 (3H, t, J = 7.3 Hz), 1.63-1.87 (6H, m), 2.20 (3H, s), 2.55-2.73 (1H, m), 3.09 
55 (2H, t, J = 6.6 Hz), 3.31-3.43 (2H, m), 3.57 (2H, s), 3.68 (2H, t, J = 6.6 Hz), 4.00 (2H, t, J = 6.4 Hz), 3.98-4.10 (2H, m), 
5.21 (2H, s), 6.90-7.02 (3H, m), 7.07 (1H, dd, J = 8.8, 2.6 Hz), 7.21 (1 H, s), 7.28-7.41 (4H, m), 7.53 (2H, d, J = 8.4 Hz), 
7.77 (1H, s), 8.08 (1H, d, J = 8.4 Hz). 

[0228] Elemental Analysis. Calcd. for C^H^OgS: C, 67.53; H, 6.67; N, 4.63. Found: C, 67.69; H, 6.65; N, 4.53. 
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Reference Example 55 

[0229] A mixed solution of 2-hydroxy-5-bromobenzyl alcohol (3.00 g) and 2-bromo^-methylacetophenone (3 50 g) 
and potassium carbonate (2.45 g) in acetone (50 ml) was stirred at 80°C for 4 hours. After cooling to room temperature 
a solid material was removed by filtration and the filtrate was concentrated under reduced pressure. The residue was 
subjected to separation and purification using column chromatography (ethyl acetate/hexane 2 : 3 -> 1 ■ 1) to obtain 
2-[4-bromo-2-(hydroxymethyl)phenoxy]-1 -(4-methylphenyl)-1 -ethanone (3.60 g) as colorless crystals 
M. p. 125-127°C 

mm J H ," N a o ^°, MH /' CDC ' 3) 5 2 44 (3H ' S) ' 3 43 (1H ' l ' J = 6 8 Hz >' 4 73 < 2H . d . J = 6.8 H2), 5.36 (2H, s), 6.72 
(1H, d, J = 8.8 Hz), 7.24-7.36 (3H, m), 7.45 (1H, d, J = 2.6 Hz), 7.86 (2H, d, J = 8 4 Hz) 

IR (KBr)3412, 1686, 1606, 1483, 1412, 1234, 1018, 810 cm-1. 
[0230] Elemental Analysis. Calcd. for C 16 H 15 0 3 Br: C, 57.33; H, 4.51 ; Br, 23.84. Found: C, 57.33; H, 4.41 ; Br, 23.86. 

Reference Example 56 

S2 JT * °! 2 - [4 - bromo - 2 -( h y drox V meth y | )Phenoxy]-1.(4-methylphenyl)-1. ethanone (3.00 g) in ace- 

tonrtnle (20 ml) was added at room temperature triphenylphosphine hydrobromide (3.17g), and the resulting mixture 
was refluxed wrth heating for 2 days under a nftrogen atmosphere. After cooling to room I temperature Te reacS 
mWure was mixed -with diethyl ether, and the resulting crystals were collected by filtration to obtain [5-bromo- 
2-[2-(4-methylphenyl)-2-oxyoethoxy]benzyn(triphenyl)phosphonium bromide (5.94 g) as colorless crystals 

1 H-NMR (200 MHz, CDCI3) 8 2.44 (3H, s), 4.82 (2H, s), 5.29 (2H, d, J = 14.0 Hz) 6 75 (1H d J - 8 8 Hzl 
7.25-7.39 (4H,m), 7.52-7.81 (15H,m), 7.88 (2H,d,J = 8.2 Hz). 

IR (KBr) 1691, 1489, 1437, 1234, 1120, 816, 748, 717, 689, 505 cnr". 

Reference Example 57 

SS 2 m.n^»„^ en l° n ° f [ 5;!™°- 2 - [2 -^ bromide 
(5.53 g) In ethanol (20 ml) was added at room temperature a 20% solution of sodium ethoxide In ethanol (2.85 g) and 

wL co!2J Tb'v St H * 2 ?°, UrS - ^ additi ° n ° f WatSr (1 5 ml) t0 the reaction mbrture - a solid "Serial 

was coHected by filiation and was washed w.th water. The solid material were purified by recrystallization (ethanol) to 

obta.n6-bromo-3-(4-methylphenyl)-2H-1-benzopyran (2.16 g) as colorless crystals 
M. p. 143°C (dec.) 

(2H, d,j" = 8.4 HzT MHZ ' CDC ' 3) 6 (3H ' S> ' (2H ' d ' J = 14 HZ)> 669 " 6 - 74 (2H ' m) ' 7 - 16 " 7 - 28 < 4H ' m >' 733 

IR (KBr) 1479, 1217, 898, 813 cnrV 
[0233] Elemental Analysis. Calcd. for C 16 H 13 OBr: C, 63.81 ; H, 4.35; Br, 26.53. Found: C, 63.67; H, 4.37; Br, 26.50. 

Reference Example 58 

STmk l n M*K- 80 ' U , ti0 r ° f ^"'^^"y'P^'VD-ZH-l-benzopyran (0.5 g) in THF (15 ml) was added at -78'C 
V6 M butyl Irth.um (a hexane solution) (1.14 ml) under a nitrogen atmosphere. The resulting mixture was stirred at - 
T T"' WaS miX6d With dry iCS and was stirred for additional one hour. Afteraddition of 1 N hydrochloric 

IZtZV? Y* 6 T !!? miX !!! re W3S eXtra ° ted Wfth ethyl acetate - The or 9 anic laver was wa ^ d with an aqueous 
saturated solubon of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pres- 
old ? m S tH 9 , 7^ o w u e ^ u C0,lected b V fi'^'on, and the crystals were washed with diethyl ether and hexane to 
obtain 3-(4-methyiphenyl)-2H-1-benzopyran-6-carboxylic acid (218 mg) as colorless crystals 
M. p. 255-C (dec.) 

1 H-NMR (200 MHz, CDCI3) 8 2.33 (3H, s), 5.27 (2H, d, J = 1.0 Hz), 6.89 (1H, d, J = 8.2 Hz), 7.10 (1H s) 724 
(2H, d, J = 8.3 Hz), 7.48 (2H, d, J = 8.3 Hz), 7.71 (1H, dd, J = 8.2, 2.2 Hz), 7.77 (1 H, d J = 2 2 Hz 

IR (KBr) 2976, 1676,1302, 1223, 806 cirri, c-ru-b 
[0235] Elemental Analysis. Calcd. for C 17 H 14 0 3 : C, 76.68; H, 5.30. Found: C, 76.47; H, 5.37. 

Example 22 (Production of compound 22) 

t ' nt ° 9 S ?' Uti0n °! [ 3 -< 4 - metn y'P nen y'>-2H-1 -benzopyran-6-carooxylic acid (1 30 mg) in THF (10 ml) were added 
at room temperature oxalyl chloride (0.07 ml) and one drop of DMF, andthe resuming mixture was stirred for one hour 

i oorTrN mT? mT I r t ^ PreSSUre 10 rem ° Ve the S0 ' Vent ' t0 the residue dissolved in THF ( 20 m '> w^e added 
at 0 C 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline (118 mg) and triethylamine (0.1 5 ml), and the reaction 
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mixture was stirred at room temperature for 3 hours. The reaction mixture was poured into water with vigorous stirring 
to stop the reaction, and the resulting mixture was extracted with chloroform. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure, the residue was purified by recrystallization (ethanol) to obtain 3-(4-methyiphenyl)-N-[4-[N-me- 
5 thyl-N-(tetrahydropyran-4-yl)aminomethyI]phenyG-2H-1 -benzopyran-6-carboxamide (compound 22) (1 62 mg) as light 
yellow crystals. 

M. p. 230-235°C 

1 H-NMR (200 MHz, CDCI3) 6 1 .52-1 .84 (4H, m), 2.21 (3H, s), 2.39 (3H, s), 2.56-2.74 (1 H, m), 3.30-3.45 (2H, m), 
3.58 (2H, s), 3.99-4.10 (2H, m), 5.26 (2H, d, J = 1.6 Hz), 6.82 (1H, s), 6.90 (1H, d, J = 9.2 Hz), 7.22 (2H, d, J = 8.0 
10 Hz), 7.30-7.37 (4H, m), 7.56-7.66 (4H, m), 7.72 (1 H, br s). 

IR (KBr) 3305, 2947, 2843, 1647, 1599, 1518, 1491, 1406, 1315, 1238, 1140, 810 crrr 1 . 
[0237] Elemental Analysis. Calcd. for 0^32^03-0.2 H z O: C, 76.31 ; H, 6.92; N, 5.93. Found: C, 76.31 ; H, 7.02; N, 
5.88. 

15 Reference Example 59 

[0238] Into a solution of sodium ethoxide (a 20% solution in ethanol, 22.2 g) in toluene (100 ml) was added at 0°C 
over a period of more than 10 minutes a solution of 4-bromobenzaldehyde (10 g) and ethyl azidoacetate (7.0 g) in 
toluene (50 ml). After being stirred at room temperature for 2 hours, the reaction mixture was mixed with water and 

20 was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride 
and was dried with magnesium sulfate. After concentration under reduced pressure, the residue was subjected to 
separation and purification using column chromatography (ethyl acetate/hexane 1 : 19) to obtain ethyl (Z)-2-azido- 
3-(4-bromophenyl)acrylate (6.24 g) as a yellow oily substance. 

1 H-NMR (200 MHz, CDCI3) 5 1 .40 (3H, t, J = 7.2 Hz), 4.38 (2H, q, J = 7.2 Hz), 6.83 (1 H, s), 7.51 (2H, d, J = 8.6 

25 Hz), 7.69 (2H, d, J = 8.6 Hz). 

IR (neat): 2121, 1713, 1398, 1379, 1315, 1281, 1250, 1076, 1011 , 824 cm" 1 . 

Reference Example 60 

30 [0239] A solution of ethyl (Z)-2-azido-3-(4-bromophenyl)acrylate (6.24 g) in xylene (200 ml) was heated at reflux for 
4 hours. After cooling to room temperature, the reaction mixture was concentrated under reduced pressure, and the 
precipitated crystals were collected by filtration. The crystals were washed with xylene and hexane to obtain ethyl 
6-bromo-1H-indole-2-carboxylate (3.21 g) as colorless crystals. 
M. p. 187-188°C 

35 1 H-NMR (200 MHz, CDCI 3 ) 6 1 .43 (3H, t, J = 7.2 Hz), 4.41 (2H, q, J = 7.2 Hz), 7.18-7.28 (2H, m), 7.53-7.59 (2H, 

m), 8.78-8.97 (1H,m). 

IR (KBr) 3321, 1695, 1522, 1315, 1240, 1201, 1020, 822, 763, 733 cm" 1 . 
[0240] Elemental Analysis. Calcd. for C 11 H 10 NO 2 Br C, 49.28; H, 3.76; N, 5.22. Found: C, 49.45; H, 3.63; N, 5.06. 

40 Reference Example 61 

[0241] A mixture of ethyl 6-bromo-1 H-indole-2-carboxylate (2.5 g) and 4-methylphenylboric acid (1 .39 g), potassium 
carbonate (2.58 g) and toluene/ethanol/water (90/9/9 ml) was stirred at room temperature for one hour. Into the reaction 
mixture was added tetrakis(triphenylphosphine)palladium (0.32 g), and the resulting mixture was heated at reflux for 

45 18 hours. After cooling to room temperature, the mixture was extracted with ethyl acetate. The organic layer was 
washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concen- 
tration under reduced pressure, the residue was subjected to purification using column chromatography (ethyl acetate/ 
hexane 1:5-»1:2-»1:1) and to recrystallization (ethyl acetate/hexane) to obtain ethyl 6-(4-methylphenyl)-1H- 
indole-2-carboxylate (1 .92 g) as colorless crystals. 

50 M. p. 163-165°C 

1 H-NMR (200 MHz, CDCI3) 8 1 .43 (3H, t, J = 7.2 Hz), 2.41 (3H, s), 4.42 (2H, q, J = 7.2 Hz), 7.23*7.27 (2H, m), 
7.29 (1H, s), 7.41 (1H, dd, J = 8.4, 1.6 Hz), 7.51-7.61 (3H, m), 7.73 (1H, d, J = 8.4 Hz), 8.86-8.98 (1H, m). 

IR (KBr) 3290, 1689, 1520, 1333, 1282, 1217, 820, 795 crrr 1 . 
[0242] Elemental Analysis. Calcd. forC 18 H 17 N0 2 : C, 77.40; H, 6.13; N, 5.01. Found: C, 77.48; H, 6.21; N, 4.89. 

55 

Reference Example 62 

[0243] Into a mixed solution of ethyl 6-(4-methylphenyl)-1H-indole-2-carboxylate (0.6 g) in ethanol/THF (10/10 ml) 
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was added at room temperature a 2 N aqueous solution of sodium hydroxide (5 ml), and the resulting mixture was 
stirred for 64 hours. After addition of 1 N hydrochloric acid (15 ml), the reaction mixture was concentrated under reduced 
pressure. Water was added to the residue, and the resulting mixture was extracted with ethyl acetate. The organic 
layer was washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate After 
concentration of the organic layer under reduced pressure, the precipitated crystals were collected by filtration The 
crystals were washed with hexane to obtain 6-(4-methylphenyl)-1H-indole-2-carboxylic acid (509 mg) as colorless 
crystals. a 
M. p. 260°C (dec.) 

1H-NMR (200 MHz, DMSO-d 6 ) 5 2.35 (3H, s), 7.10 (1H, s), 7.28 (2H, d, J = 8.0 Hz), 7.35 (1H, dd, J = 8 4 1 8 
Hz), 7.56 (2H, d t J = 8.0 Hz), 7.61 (1 H, d, J = 1 .8 Hz), 7.71 (1 H, d, J = 8.4 Hz), 11 .81 (1 H, s) 

IR (KBr) 3410, 1666, 1525, 1439, 1273, 1215, B00cm-1. 
[0244] Elemental Analysis. Calcd. for C 16 H 13 N0 2 : C, 76.48; H, 5.21 ; N, 5.57. Found: C, 76.66; H, 5.05; N, 5.34. 

Example 23 (Production of compound 23) 

[0245] Into a solution of 6-(4-methylphenyl)-1 H-indole-2-carboxylic acid (200 mg) in THF (1 0 ml) were added at room 

temperature oxalyl chloride (0.35 ml) and one drop of DMF, and the resulting mixture was stirred for one hour After 

concentration under reduced pressure to remove the solvent, to the residue dissolved in THF (20 ml) were added at 

0°C 4.[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline (193 mg) and triethylamine (0.22 ml) and the resulting 

mixture was stirred at room temperature for 1 8 hours. The reaction mixture was poured into water with vigorous stirring 

to stop the reaction, and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an 

aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration of the organic 

layer under reduced pressure, the precipitated crystals were purified by recrystallization (ethanol) to obtain 6-(4-meth- 

ylphenyI)-N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyI)phenyn-1 H-indole-2*arboxamide (compound 23) (97 
mg) as colorless crystals. 

M. p. 246-250°C 

1 H-NMR (200 MHz, DMSO-ay 8 1.45-1.79 (4H, m), 2.12 (3H, s), 2.36 (3H, s), 2.46-2.69 (1H, m), 3,19-3 38 (2H 
m) 3.54 (2H, s), 3.84-3.96 (2H, m), 7.24-7.46 (6H, m) t 7.57 (2H, d, J = B.O Hz), 7.66 (1H, s), 7.69-7.80 (3H, m), 10.20 
(1 H, s), 11 .78 (1 H, s). 

IR (KBr) 3298, 1655, 1601, 1537, 1333, 812 cirri. 

[0246] Elemental Analysis. Calcd. forQggHsiNsOrO.2 H a O: C, 76.19; H, 6.92; N, 9.19. Found: C, 76.01; H, 6.81; N, 
9.12, 
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[0247] Into a solution of ethyl 6-(4-methylphenyl)-1 H-indo!e-2^arboxylate (0.9 g) in DMF (1 0 ml) was added at 0°C 
sodium hydride (60%, 0.1 4 g), and the resulting mixture was stirred for 1 5 minutes. Into the reaction mixture was added 
methyl iodide (0.22 ml), and the resulting mixture was stirred at room temperature for 3 hours. The reaction mixture 
was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated 
solution of sodium chloride and was dried with magnesium sulfate. After concentration of the organic layer under 
reduced pressure, the residue was subjected to separation and purification using column chromatography (ethyl ace- 
tate/nexane 1 : 4) and further to recrystallization (ethyl acetate/hexane) to obtain ethyl 1 -methyl-6-(4-methylphenvl>- 
1 H-indole-2-carboxylate (0.80 g) as colorless crystals. 
M. p. 98-99°C 

1 H-NMR (200 MHz, CDCI 3 ) 5 1 .42 (3H, t, J = 7.0 Hz), 2.41 (3H, s), 4.12 (3H, s), 4.38 (2H, q, J = 7 0 Hz) 7 26-7 32 
(3H, m), 7.40 (1 H, dd, J = 8.4, 1.4 Hz), 7.54-7.60 (3H, m), 7.71 (1 H, d, J - 8 4 Hz). 

IR (KBr) 1705, 1504, 1400, 1223, 1153, 1084, 822, 798 cm-1. 
[0248] Elemental Analysis. Calcd. for C 19 H 19 N0 2 : C, 77.79; H, 6.53; N, 4.77. Found: C, 77.99; H, 6.50; N, 4.60. 

Reference Example 64 

[0249] Into a mixed solution of ethyl 1 -methyl-6-(4-methylphenyl)-1 H-indole-2-carboxylate (0.7 g) in ethanol/THF 
(20/10 ml) was added at room temperature a 2 N aqueous solution of sodium hydroxide (1 .5 ml), and the resultinq 
mixture was stirred for 24 hours. After addition of 1 N hydrochloric acid (5 ml), the reaction mixture was concentrated 
under reduced pressure. Water was added to the residue, and the resulting mixture was extracted with ethyl acetate 
The organic layer was washed with an aqueous saturated solution of sodium chloride and was dried with magnesium 
sulfate. After concentration under reduced pressure, the precipitated crystals were collected by filtration The crystals 
were washed with hexane to obtain 1-methyl-6-(4.methylphenyl)-1H-indole-2^arboxyIic acid (600 mg) as colorless 
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crystals. 

M. p. 259°C (dec.) 

1 H-NMR (200 MHz, DMSO-ds) 6 2.36 (3H, s), 4.09 (3H, s), 7.23 (1 H, s), 7.29 (2H, d, J = 7.6 Hz), 7.42 (1 H, dd, 
J = 8.4, 1 .4 Hz), 7.66-7.74 (3H, m), 7.80 (1H, s). 
5 |R (KBr) 2916, 1680, 1512, 1470, 1433, 1257, 1228, 920, 820, 798 cnr 1 . 

[0250] Elemental Analysis. Calcd. for C 17 H 15 N0 2 : C, 76.96; H, 5.70; N, 5.28. Found: C, 76.87; H, 5.76; N, 5.22. 

Example 24 (Production of compound 24) 

[0251 ] Into a solution of 1 -methyl-6-(4-methylphenyi)-1 H-indole-2-carboxylic acid (200 mg) in THF (1 0 ml) were add- 
ed at room temperature oxalyl chloride (0.20 ml) and one drop of DMF, and the resulting mixture was stirred for one 
hour. After concentration under reduced pressure to remove the solvent, to the residue dissolved in THF (30 ml) were 
added 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniIine (183 mg) and triethylamine (0.21 ml) at 0°C, and the 
resulting mixture was stirred at room temperature for 18 hours. After pouring into water with vigorous stirring to stop 
the reaction, the reaction mixture was concentrated under reduced pressure, and the precipitate was collected by 
filtration. The precipitate was washed with ethanol and ethyl acetate to obtain a crude product. The crude product was 
purified by recrystallization (ethanol) to obtain 1-methyl-6-(4-methylphenyl)-N-[4-[N-methyl-N-(tetrahydropyran-4-yl) 
aminomethyl]phenyl]-1H-tndole-2-carboxamide (compound 24) (298 mg) as colorless crystals. 
M. p. 225-226°C 

1 H-NMR (200 MHz, CDCI 3 ) 6 1.62-1.83 (4H, m), 2.22 (3H, s), 2.42 (3H, s), 2.56-2.75 (1H, m), 3.29-3.45. (2H, 
m), 3.59 (2H, s), 3.98-4.11 (2H, m), 4.1 4 (3H, s), 7.02 (1 H, s), 7.26-7.36 (4H, m), 7.43 (1 H, dd, J = 8.0, 1 .4 Hz), 7.57-7.61 
(5H, m), 7.71 (1H, d, J = 8.8 Hz), 7.91 (1H, s). 

IR (KBr) 3298, 1647, 1516, 1462, 1389, 1300, 1250, 1142, 810 cm" 1 . 
[0252] Elemental Analysis. Calcd. for C^H^^Og: C, 77.06; H, 7.11; N, 8.99. Found: C, 76.98; H, 7.02; N, 8.99. 

Reference Example 65 

[0253] Into a suspension of 7-(4-methylphenyI)-2,3-dihydro-1 -benzooxepine-4-carboxylic acid (280 mg) in methanol 
(20 ml)/ethyl acetate (10 ml) was added 10% palladium on charcoal (50% water content, 70 mg). Hydrogen gas was 
introduced, and the resulting mixture was stirred at room temperature for 17 hours and at 50°C for 3 hours, and was 
then filtered to remove the catalyst. The filtrate was concentrated, and the residue was recrystaliized from ethyl acetate/ 
hexane to obtain 7-(4-methylphenyl)-2,3,4,5-tetrahydro-1-benzooxepine-4-carboxylic acid (1 B7 mg) as colorless crys- 
tals. 

M. p. 182-184°C 

1 H-NMR (200 MHz, CDCI 3 ) 5: 2.2-2.3 (2H, m), 2.38 (3H, s), 2.7-2.85 (1H, m), 3.05-3.3 (2H, m), 3.8-3.9 (1H, m), 
4.3-4.4 (1H, m), 7.04 (1H, d, J = 8.6), 7.22 (2H, d, J = 8.2), 7.3-7.4 (2H, m), 7.44 (2H, d, J = 8.4). 

IR (KBr) 1692, 1491, 1310, 1250, 1227, 1051, 964, 814 cm' 1 . 
[0254] Elemental Analysis. Calcd. for C 18 H 18 0 3 : C, 76.57; H, 6.43. Found: C, 76.48; H, 6.30. 

40 Example 25 (Production of compound 25) 

[0255] Into a solution of 7-(4-methylphenyl)-2,3,4,5-tetrahydro-1 -benzooxepine-4-cart>oxylic acid (141 mg) and 4-[N- 
methyl-N-(tetrahydropyran-4-yl)aminomethyQaniline (110 mg) in DMF (4 ml) were added under ice cooling diethyl cy- 
anophosphonate(0.08 ml) and triethylamine (0.08 ml). After being stirred at0°Cfor 30 minutes and at room temperature 

45 for 8 hours, an aqueous solution of sodium bicarbonate was added into the reaction mixture under ice cooling. The 
resulting mixture was extracted with ethyl acetate, and the extract was washed with an aqueous saturated solution of 
sodium chloride. The extract was dried with anhydrous magnesium sulfate and was then concentrated under reduced 
pressure. The residue was subjected to purification using silica gel column chromatography (ethyl acetate/hexane = 
4/1) and further to recrystallization from ethyl acetate/hexane to obtain N-[4-[(N-methyi-N-(tetrahydropyran-4-yl)ami- 

so nomethyl)phenyl]-7-(4-methylphenyl)-2,3,4,5-tetrahydro-1-benzooxepine-4-carboxamide (compound 25) (43 mg) as 
colorless crystals. 

M. p. 172-174°C 

1 H-NMR (200 MHz, CDCI3) 8: 1.4-2.0 (4H, m), 2.15-2.45 (2H, m), 2.38 (6H, s), 2.65-2.85 (1H, m), 2.9-3.1 (2H, 
m), 3.2-3.4 (3H, m), 3.7-3.9 (3H, m), 3.9-4.1 (2H, m), 4.4-4.55 (1H, m), 7.05 (2H, d, J = 8.8), 7.22 (2H, d, J = 8.2), 
55 7.3-7.5 (5H, m), 7.6-7.75 (2H, m). 

IR (KBr) 1665, 1609, 1541, 1491, 1418, 1252, 1061 , 818 crrr 1 . 
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Reference Example 66 

[0256] 1 ,4-Dibromobenzene (25 g) was dissolved in concentrated sulfuric acid (30 ml). Thereto was added dropwise 
under ice cooling a mixed solution of concentrated sulfuric acid (30 ml)/nitric acid (8.9 ml). After 14 hours at room 
temperature, the reaction mixture was poured into ice water, was mixed with potassium carbonate and was extracted 
wrth ethyl acetate. The extract was washed successively with an aqueous solution of potassium bicarbonate and an 
aqueous saturated solution of sodium chloride, was dried (anhydrous magnesium sulfate) and was then concentrated 
The residue was subjected to purification using silica gel column chromatography (hexane) to obtain 1,4-dibromo- 
2-nitrobenzene (13.3 g) as light yellow crystals. 

1 H-IMMR (200 MHz, CDCI 3 ) 5: 7.56 (dd, 1H, J = 2.2, 8.6), 7.62 (d, 1H, J = 8.6), 7.99 (d, 1H, J = 2 2) 

IR (KBr) 1537, 1458, 1352, 1034 cm-1. 

Reference Example 67 

[0257] Into a solution of 1 ,4-dibromo-2-nitrobenzene (5.4 g) in THF (300 ml) was added phenyllrthium (1 1 .7 ml) under 
cooling at -1 00°C in a liquid nitrogen/diethyl ether bath. After stirring for 30 minutes, DMF (5.9 ml) was added dropwise 
and the resulting mixture was stirred for one hour in a dry ice/ acetone bath. Thereto was added 1 N sulfuric acid (40 
ml), and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous solution 
of sodium chloride, was dried (anhydrous magnesium sulfate) and was then concentrated. The residue was subjected 
to punfication using silica gel column chromatography (ethyl acetate/hexane = 1/8) to obtain 4-dibromo-2-nitrobenzal- 
dehyde (3.53 g) as a brown solid. 

1H-NM R (200 MHz, CDCI 3 ) 6: 7.85 (d, 1 H, J = 8.2), 7.94 (dd, 1 H, J = 1 .8, 8.2), 8.27 (d, 1H, J = 1.8), 1 0.39 (s, 1 H) 

IR (KBr) 1699, 1595, 1559, 1534, 1346, 1190, 878, 820 cm-1. 

Reference Example 68 

[0258] To 4-dibromo-2-nitrobenzaldehyde (1 .89 g) were added 4-methylphenylboric acid (1 .23 g), a 2 M aqueous 
solution of potassium carbonate (10 ml), ethanol (10 ml) and toluene (30 ml), and, after stirring at room temperature 
under an argon atmosphere for 30 minutes, tetrakis(triphenylphosphine)palladium (380 mg) was added thereto and 
the resulting mixture was refluxed overnight. The reaction mixture was extracted with ethyl acetate, and the extract 
was washed successively with water and an aqueous solution of sodium chloride, was dried (anhydrous magnesium 
sulfate) and was then concentrated. The residue was subjected to purification using silica gel column chromatography 
(ethyl acetate/hexane = 1/9) to obtain 4-(4-methylphenyi)-2-nitrobenzaldehyde (1 .1 7 g) as a light brown powder. 

1 H-NMR (200 MHz, CDCy 8: 2.44 (s, 3H), 7.33 (d, 2H, J = 8.4), 7.57 (d, 2H, J = 8.4), 7.96 (dd, 1 H J = 1 6 8 2) 
8.04(d, 1H, J = 8.2), 8.29 (d, 1H, J= 1.6), 10.44(s, 1H). • • ■ #• 

IR (KBr) 1696, 1609, 1534, 1520, 1350, 1188, 814 cm-1. 

Reference Example 69 

[0259] Into a solution of 4-(4-methylphenyl)-2-nitrobenzaIdehyde (590 mg) in THF (50 ml) was added a solution of 
sodium hydrosulf ite (2.66 g)/water (25 ml). After being stirred at room temperature for 1 0 minutes, the reaction mixture 
was extracted with ethyl acetate, and the extract was washed with an aqueous solution of sodium chloride The extract 
was dried (anhydrous magnesium sulfate) and was then concentrated to obtain 2-amino-4-(4-methylphenyl)benzalde- 
hyde (0.26 g) as a light brown powder. 

1 H-NMR (200 MHz, CDCI3) 8:2.41 (s, 3H), 5.8-6.4 (br, 2H), 6.84 (d, 1H, J = 1.6), 6.98 (dd, 1H J=1 6 8 2) 726 
(d, 2H, J = 8.2), 7.45-7.6 (m,3H), 9.89 (s,1H). . ' ' " " ' 

IR (KBr) 1671, 1620, 1591, 1539, 1393, 1208, 1192, 795 crrr 1 . 

Reference Example 70 

[0260] Into a solution of 2-amino-4-(4-methylphenyl)benzaldehyde (0.23 g) and pyruvic acid (1 92 mg) in methanol 
(20 ml) was added a solution of sodium hydroxide (349 mg)/methanol (20 ml), and the resulting mixture was stirred at 
50-60°C for 9 hours and was then concentrated. The concentrate was extracted with water, and the aqueous layer 
was washed twice with diethyl ether and was then mixed with 1 N hydrochloric acid to adjust the pH to 1-2 The resulting 
mixture was extracted with ethyl acetate, and the extract was washed with an aqueous solution of sodium chloride 
The extract was dried (anhydrous magnesium sulfate) and was then concentrated. The residue was subjected to pu- 
rification using silica gel column chromatography (ethyl acetate/methanol = 4/1 ) to obtain 4-(4-methylphenyl)quinoline- 
2-carboxylic acid (1 1 7 mg) as an orange powder. 
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1 H-NMR (200 MHz, CDCI3) 5: 2.40 (s, 3H) ( 7.37 (d, 2H, J = 8.2), 7.80 (d, 2H, J = 8.2), 8.0-8.2 (m, 3H), 8.39 (s, 
1H), 8.59 {d, 1H, J = 8.0). 

IR (KBr) 1620, 1555, 1454, 1404, 1173, 816 cnrr 1 . 

5 Example 26 (Production of compound 26) 

[0261 ] Into a solution of 4-(4-memylphenyl)quinoline-2-carboxylic acid (1 00 mg) in THF (5 ml) were added under ice 
cooling DMF (one drop) and oxalyl chloride (0.04 ml), and the resulting mixture was stirred at 0°C for 30 minutes. On 
the other hand, into a solution of 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline (92 mg) in THF (5 ml) were 
added under ice cooling triethylamine (0.33 ml) and then the above-prepared, acid chloride solution, and the resulting 
mixture was stirred at room temperature for one hour. The reaction mixture was mixed with water under ice cooling 
and was extracted with ethyl acetate. The extract was washed with an aqueous solution of sodium chloride, was dried 
(anhydrous magnesium sulfate) and was concentrated under reduced pressure. The residue was subjected to purifi- 
cation using silica gel column chromatography (ethyl acetate/methanol = 9/1) and further to recrystaliization from ethyl 
acetate/diethyl ether to obtain N-[4-[(N-methyl-N-(tetrahydropyran-4-yl))aminomethy0phenyI]-7-(4-methylphenyl)quin- 
oline-2-carboxamide (compound 26) (27 mg) as colorless crystals. 
M. p. 148-150°C 

1 H-NMR (200 MHz, CD 3 OD) 6: 1 .6-1 .9 (m, 4H), 2.25 (s, 3H), 2.43 (s, 3H), 2.6-2.8 (m, 1H), 3.3-3.5 (m, 2H), 3.66 
(s, 2H), 3.9-4.1 (m, 2H), 7.35 (d, 2H, J = 7.8), 7.39 (d, 2H, J = 7.8), 7.74 (d, 2H, J = 7.8), 7.85 (d, 2H, J = 7.8), 7.95-8.05 
(m, 1H), 8.08 (d, 1H, J = 8.8), 8.26 (d, 1H, J = 8.2), 8.45-8.5 (m, 1H), 8.51 (d, 1H, J = 8.2). 

IR (KBr) 1678, 1522, 1497, 1410, 812 cm" 1 . 
[0262] Elemental Analysis. Calcd. for C^^O^O^ H 2 0: C, 76.80; H, 6.75; N, 8.96. Found: C, 76.84; H, 6.59; N, 
8.86. 

25 Example 27 (Production of compound 27) 

[0263] Into a solution of 3-(4-methylphenyl)-2H-1 -benzopyran-6-carboxylic acid (1 50 mg) in THF (1 0 ml) were added 
at room temperature oxalyl chloride (0.07 ml) and subsequently one drop of DMF, and the resulting mixture was stirred 
for one hour. After evaporation of the solvent under reduced pressure, to the residue dissolved in THF (20 ml) were 
added at0°C 1 -(4-aminobenzyl)phosphorinan-1 -oxide (138 mg) and triethylamine (0.16 ml), and the reaction mixture 
was stirred at room temperature for 4 hours. The reaction mixture was poured into water with vigorous stirring to stop 
the reaction and was extracted with chloroform. The organic layer was washed with an aqueous saturated solution of 
sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the residue was 
purified by recrystaliization (ethanol) to obtain 3- (4-methylphenyl)-N-(4-pentamethylenephosphorylmethylphenyl)-2H- 
1 -benzopyran-6-carboxamide (compound 27) (204 mg) as light yellow crystals. 
M. p. 235°C (dec.) 

1 H-NMR (200 MHz, CDCI 3 ) 6 1.40-2.16 (10H, m), 2.39 (3H, s), 3.15 (2H, d, J = 13.6 Hz), 5.25 (2H, d, J = 1.4 
Hz), 6.82 (1H, s), 6.89 (1H, d, J = 9.2 Hz), 7.18-7.29 (4H, m), 7.35 (2H, d, J = 8.4 Hz), 7.62-7.70 (4H, m), 8.21-8.32 
(1H, m). 

IR (KBr) 3226, 1645, 1603, 1541, 1514, 1491, 1410, 1329, 1201, 1165, 1134, 837 cnr 1 . 
[0264] Elemental Analysis. Calcd. for C^HgoNC^P-O.S H 2 0: C, 73.03; H, 6.47; N, 2.94. Found: C, 73.07; H, 6.57; 
N,2.87. 

Example 28 (Production of compound 28) 
45 

[0265] Into a solution of 3-(4-methylphenyl)-N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]phenyl]-2H-1 -ben- 
zopyran-6-carboxamide (80 mg) in DMF (30 ml) was added at room temperature methyl iodide (0.04 ml), and the 
resulting mixture was stirred for 3 days. After evaporation of the solvent under reduced pressure, ethyl acetate was 
added to the residue, and the precipitated crystals were collected by filtration to obtain N,N-dimethyl-N-{4-[I3-(4-methyl- 
50 phenyl) -2H-1 -benzopyran-6-carbonyl]amino]benzyl]-4-tetrahydropyranylammonium iodide (compound 28) (87 mg) as 
light yellow crystals. 

M. p. 215-21 8°C (dec.) 

1 H-NMR (200 MHz, DMSO-d 6 ) S 1.75-2.00 (2H, m), 2.10-2.23 (2H, m), 2.34 (3H, s), 2.89 (6H, s), 3.26-3.43 (2H, 
m), 3.49-3.68 (1H, m), 4.01-4.12 (2H, m), 4.47 (2H, s), 5.29 (2H, d, J = 1.0 Hz), 6.96 (1H, d, J = 8.0 Hz), 7.10 (1H, s), 
55 7.26 (2H, d, J = 8.0 Hz), 7.48-7.57 (4H, m), 7.75-7.80 (2H, m), 7.92 (2H, d, J = 8.8 Hz), 10.34 (1H, s). 

IR (KBr) 3273, 1647, 1597, 1524, 1493, 1323, 810 cm' 1 . 
[0266] Elemental Analysis. Calcd. for C 31 H35N 2 0 3 |.1 .2 H 2 0: C, 58.90; H, 5.96; N, 4.43. Found: C, 58.85; H, 5.66; 
N, 4.48. 
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Reference Example 71 

[0267J Into acetic acid (42 ml) were added dropwise under ice cooling sulfuric acid (28 ml), subsequently 
N-(2-(4-bromophenyi)ethyl)trifluoroacetamide (7.8 g) and paraformamide (1 .27 g) and the resulting mixture was stirred 
overnight under a nitrogen atmosphere. The reaction mixture was poured into ice water and was extracted with ethyl 
acetate. The organic layer was washed with an aqueous solution of sodium hydrogen carbonate, water and an aqueous 
saturated solution of sodium chloride, and was then dried with anhydrous magnesium sulfate. The resulting organic 
layer was evaporated under reduced pressure to remove the solvent to obtain 7-bromo-2-trifluoroacetyM 2 3 4-tet- 
rahydroisoquinoline (8.1 g) as a colorless oil. ' ' ' 

1 H-NMR (5ppm, CDCI 3 ) 2.87-2.94 (2H, m), 3.81-3.91 (2H, m), 4.72 (0.7H, s), 4.77(1.3H, s), 7.02-7.09 (1H, m), 
7.27-7.37 (2H, m). 

IR (neat) v: 2907, 1696 cm- 1 . 

Reference Example 72 

[0268] To 7-bromo-2-trifluoroacetyl-1 ,2,3,4-tetrahydroisoquinoline (8.1 g), 4-methylphenylboric acid (3 9 g) a 2 M 
aqueous solution of potassium carbonate (40 ml) and ethanol (40 ml) was added toluene (100 ml), and the resulting 
mixture was stirred at room temperature under an argon atmosphere for 30 minutes. Thereto was added tetrakis(triphe- 
nylphosphine)palladium (1 .26 g), and the resulting mixture was refluxed under an argon atmosphere for 4 5 hours 
The reaction mixture was extracted with ethyl acetate, and the organic layer was washed with water and an aqueous 
saturated solution of sodium chloride, and was then dried with anhydrous magnesium sulfate. After evaporation of the 
solvent under reduced pressure, methanol (200 ml) and a 2 M aqueous solution of potassium carbonate (50 ml) were 
added to the residue, and the resulting mixture was stirred overnight at room temperature. After concentration the 
reaction mixture was extracted with ethyl acetate. The organic layer was washed with water and was then back-ex- 
tracted with 1 N hydrochloric acid. The aqueous layer was made alkaline with a 1 N aqueous solution of sodium hy- 
droxide, was then saturated with sodium chloride and was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with anhydrous magnesium sulfate. The resulting 
organic layer was evaporated under reduced pressure to remove the solvent to obtain 7-(4-methylphenyl)-1 2 3 4-tet- 
rahydroisoquinoline (4.2 g) as colorless crystals. ' ' ' 

1 H-NMR (5 ppm, CDCI 3 ) 2.39 (3H, s), 2.83 (1.5H, t, J = 6.0 Hz), 2.91-2.93 (1H. m), 3.17 (1.5H, t, J = 6 0 Hz) 
3.33 (0.5H, s), 3.82 (0.5H, s), 4.08 (1 .5H, s), 7.13-7.25 (4H, m), 7.36 (1H, dd, J = 1 .8, 7.8), 7.44-7 49 (2H m) ' 

IR(KBr)v: 2919, 1427 cm" 1 . ' ' 

[0269] Elemental Analysis. Calcd. for C 16 H 17 N-0.1 H z O: C, 85.37; H, 7.70; N, 6.22. Found: C, 85.34; H, 7.57; N, 6.10. 

Reference Example 73 

[0270] A solution of 4-(chloromethyl)phenylisocyanate (0.38 g) in tetrahydrofuran was added dropwise under ice 
cooling into a solution of 7-(4-methylphenyl)-1,2,3 } 4-tetrahydroisoquinoline (0.5 g) in tetrahydrofuran. The resulting 
mixture was stirred for one hour and was then evaporated to remove the solvent to obtain 4-(7-(4-methylphenyl)- 
1 ,2,3,4-tetrahydroisoquinolin-2-ylcarbonylamino)benzyl chloride (0.82 g) as colorless crystals 

1 H-NMR (5 ppm, CDCI 3 ) 2.40 (3H, s), 2.98 (2H, t, J = 5.8 Hz), 3.77 (2H, t, J = 6.1 Hz), 4.57 (2H, s), 4 73 (2H s) 
6.48 (1H,br), 7.23-7.30 (4H,m), 7.34-7.49 (7H,m). V ' h 

IR (KBr) v: 3303, 3023, 1 645 air 1 .' 

N TlO E,ementaI Ana,ysls ' Ca,cd ' for C 24 H23CIN 2 O.0.2 H 2 0: C, 73.07; H, 5.98; N, 7.10. Found: C, 73.04; H, 5.86; 
Reference Example 74 

[0272] Oxalyl chloride (0.4 ml) was added under ice cooling into a suspension of 4-bromomethylphenylacetic acid 
(0.52 g) in dichloromethane (4 ml). Dimethylformamide (a catalytic amount) was then added thereto, and the resulting 
mixture was stirred at room temperature for 2 hours. After the reaction mixture was evaporated to remove the solvent 
a solution of the residue in tetrahydrofuran was added dropwise under ice cooling into a solution of 7-(4-methylphenyl) ' 
1 ,2,3,4-tetrahydroisoquinoline (0.5 g) and diisopropylethylamine (0.5 ml) in tetrahydrofuran. After being stirred at room 
temperature for 30 minutes, the resulting mixture was mixed with ethyl acetate, and the precipitate was removed by 
filtration. The filtrate was washed with water and an aqueous saturated solution of sodium chloride and was then dried 
with anhydrous magnesium sulfate. The resulting organic layer was evaporated under reduced pressure to remove 
the solvent to obtain 2-(4-bromomethylphenylacetyl)-7-(4-methylphenyl)-1 ,2,3,4-tetrahydroisoquinoline (0.7 q) as a 
light yellow oil. 
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1 H-NMR (8ppm, CDCI 3 ) 2.39 (3H, s), 2.75 (1.1H, t, J = 5.9 Hz), 2.89 (0.9H, t, J = 6.0 Hz), 3.69 (1.1H, t, J = 5.9 
Hz), 3.82 (2H, s), 3.88 (0.9H, t, J = 6.0 Hz), 4.44-4.57 (2H, m), 4.66 (0.9H, s), 4.82 (1 .1H, s), 7.13-7.47 (11 H, m). 
IR (neat) v: 3023, 2922, 1 642 cnx 1 . 

5 Example 29 (Production of compound 29) 

[0273] A solution of 4-(7-{4-methylpheny!)-1 ,2,3,4-tetrahydroisoquinolin-2-ylcarbonylamino)benzyl chloride (0.2 g) 
and 1-methyl piperidine (0.19 ml) in dimethylformamide (5 ml) was stirred overnight at room temperature under a 
nitrogen atmosphere. The reaction mixture was evaporated to remove the solvent and was mixed with ethyl acetate, 
10 and the precipitate was collected by filtration. The precipitate was recrystallized from ethanol to obtain 1-methyl- 
1 -(4-((7-(4-methylphenyl)-1 ^,3,4-tetrahydroisoquinolin-2-yl)carbonylamino)benzyl)piperidinium chloride (compound 
29) (0.23 g) as colorless crystals. 
M. p. 179-180°C (dec.) 

1 H-NMR (5 ppm, DMSO-dg) 1 .45-1 .65 (2H, m), 1 .75-1 .95 (4H, m), 2.34 (3H, s), 2.86-2.92 (5H, m), 3.24-3.32 (4H, 
15 m), 3.76 (2H, t, J = 5.9 Hz), 4.48 (2H, s), 4.73 (2H, s), 7.25-7.29 (3H, m), 7.38-7.49 (4H, m), 7.55 (2H, d, J = 8.2 Hz), 
7.65 (2H, d, J = 8.6 Hz), 8.91 (1H, br). 

IR (KBr) v: 3364, 3285, 2948, 1663 crrr 1 . 
[0274] Elemental Analysis. Calcd. for C^HasCI^O-HgO: C, 70.92; H, 7.54; N, 8.27. Found: C, 70.97; H, 7.80; N, 8.03. 

20 Example 30 (Production of compound 30) 

[0275] A solution of 4-(7-(4-methylphenyl)-1 ,2 t 3,4-tetrahydroisoquinolin-2-ylcarbonylamino)benzyl chloride (0.2 g) 

and 1 -ethylpiperidine (0.21 ml) in dimethylformamide (5 ml) was stirred overnight at room temperature under a nitrogen 

atmosphere. The reaction mixture was evaporated to remove the solvent and was mixed with ethyl acetate, and the 
25 precipitate was collected by filtration to obtain 1 -ethyl-1 -(4-((7-(4-methylphenyl)-1 ,2,3,44etrahydroisoquinolin-2-yi)car- 

bonylamino)benzyl)piperidinium chloride (compound 30) (0.24 g) as a light red, amorphous substance. 

1 H-NMR (6 ppm, DMSO-dg) 1 .33 (3H, t, J = 7.2 Hz), 1 .40-1 .65 (2H, m), 1 .75-1 .95 (4H, m), 2.35 (3H, s), 2.89 (2H, 

t, J = 5.6 Hz), 3.10-3.33 (6H, m), 3.76 (2H t t, J - 5.6 Hz), 4.45 (2H, s), 4.73 (2H, s), 7.24-7.29 (3H, m), 7.35-7.48 (4H, 

m), 7.55 (2H, d, J = 8.2 Hz), 7.65 (2H, d, J = 8.4 Hz), 8.91 (1 H, br). 
30 |R (KBr) v: 3236, 2948, 1651 cnr 1 . 

[0276] Elemental Analysis. Calcd. for 03^3301^0.0.8 H a O: C, 71.81; H, 7.70; N, 8.10. Found: C, 71.87; H, 7.79; 

N.7.91. 

Example 31 (Production of compound 31) 

35 

[0277] A solution of 2-(4-bromomethylphenylacetyl)-7-(4-methylphenyl)-1 ,2,3,4-tetrahydroisoquinoline (0.2 g) and 
1-methylpiperidine (0.17 mi) in dimethylformamide (5 ml) was stirred overnight at room temperature under a nitrogen 
atmosphere. The reaction mixture was evaporated to remove the solvent and was mixed with ethyl acetate, and the 
precipitate was collected by filtration. The precipitate was dissolved in ethanol, and the solvent was evaporated to 

40 obtain 1 -methyl- 1 -(4-((7-(4-methylphenyl)-1 ,2 l 3 l 4-tetrahydroisoquinolin-2-yl)carbonylmethyl)benzy0piperidinium bro- 
mide (compound 31) (0.24 g) as a colorless amorphous substance. 

1 H-NMR (8 ppm, DMSO-dg) 1 .40-1 .70 (2H, m), 1 .78-1 .91 (4H, m), 2.34 (3H, s), 2.77-2.88 (2H, m), 2.93 (3H, s), 
3.21-3.27 (4H, m), 3.69-3.82 (2H, m), 3.90 (2H, s), 4.53 (2H, d, J = 8.0 Hz), 4.76 (2H, d, J = 20.8 Hz), 7.20-7.30 (3H, 
m), 7.39-7.56 (8H, m). 

45 |R (KBr) v: 3345, 2942, 1636 crrr*. 

[0278] Elemental Analysis. Calcd. for C 31 H 37 BrN 2 O.0.5 H 2 0: C, 68.63; H, 7.06; N, 5.16. Found: C, 68.54; H, 7.06; 
N, 4.95. 

Example 32 (Production of compound 32) 

50 

[0279] A solution of 2-(4-bromomethylphenylacetyl)-7-(4-methylpheny0-1 ,2,3,4-tetrahydroisoquinoline (0.2 g) and 
1 -ethylpiperidine (0.19 ml) in dimethylformamide (5 ml) was stirred overnight at room temperature under a nitrogen 
atmosphere. The reaction mixture was evaporated to remove the solvent and was mixed with ethyl acetate, and the 
precipitate was collected by filtration. The precipitate was dissolved in ethanol, and the solvent was evaporated to 
55 obtain 1 -ethyl-1 -(4-((7-(4-methylphenyl)-1 ,2,3,4-tetrahydroisoquinolin-2-yl)carbonylmethyl)benzyl)piperidinium bro- 
mide (compound 32) (0.23 g) as a colorless amorphous substance. 

1 H-NMR (5 ppm, DMSO-ds) 1 .34 (3H, t, J = 7.2 Hz) 1 .40-1 .65 (2H, m), 1 .75-1 .90 (4H, m), 2.34 (3H, s), 2.75-2.85 
(2H, m), 3.20-3.33 (6H, m), 3.70-3.80 (2H, m), 3.89 (2H, s), 4.49 (2H, d, J = 8.4 Hz), 476 (2H, d, J = 22.0 Hz), 7.23-7.27 
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(3H, m), 7.40-7.56 (8H, m). 

IR (KBr) v: 3353, 2942, 1 638 cm- 1 . 

[0280J Elemental Analysis. Calcd. for C 32 H 39 BrN 2 O.0.5 H 2 0: C. 69.06; H, 7.24; N, 5.03. Found: C, 68.82; H 7.38* 
N, 4.78. ' ' 

Reference Example 75 



[0281] Into a solution of 4-methoxybenzylamine (4.12 g) and tetrahydro-4H-pyran-4-one (3.00 g) in 1 2-dichIo- 
roethane (50 ml) was added sodium triacetoxyborohydride (6.99 g). After stirring at room temperature for 2 hours 37% 
formalin solution (2.5 ml) and sodium triacetoxyborohydride (6.99 g) were added thereto. After stirring for additional 
one hour, the reaction mixture was mixed with an aqueous solution of sodium bicarbonate and was extracted with 
dichloromethane. The extract was washed with an aqueous solution of sodium chloride, was dried (anhydrous mag- 
nesium sulfate) and was then concentrated under reduced pressure. The residue was subjected to purification using 
sihca gel column chromatography (ethyl acetate) to obtain N-methyl-N-(tetrahydropyran-4-yl).4-methoxybenzylamine 
(3.56 g) as a light yellow, oily substance. 

1 H-NMR (200 MHz, CDCI 3 ) 5: 1 .6-1 .8 (4H, m), 2.19 (3H, s), 2.55-2.75 (1 H, m), 3.37 (2H, dt, J = 3.0 11 2) 3 53 
(2H, s), 3.80 (3H, s), 4.0-4.1 (2H, m), 6.85 (2H, d, J = 8.6), 7.22 (2H, d, J = 8.6). 

IR (KBr) 1613, 1510, 1456, 1300, 1246, 1173, 1142, 1038 cm'\ 



Reference Example 76 



[0282] Into a solution of N-methyl-N-(tetrahydropyran-4-yl)-4.methoxybenzylamine (2.19 g) in dichloromethane (20 
m!) was added at -78°C a solution of boron tribrom.de in dichloromethane (11 ml). After gradually raising the temperature 
from -78°C to room temperature, the resulting mixture was stirred for 2 hours, an additional solution of boron tribromide 
in dichloromethane (5 ml) was again added thereto, and the resulting mixture was stirred at room temperature for 30 
minutes. The reaction mixture was mixed with an aqueous solution of sodium bicarbonate under ice cooling and was 
extracted with dichloromethane, and the extract was concentrated under reduced pressure. Thereto were added 1 N 
hydrochlonc acid and diethyl etherto extract the aqueous layer. The extract was adjusted to pH 8 by adding an aqueous 
solution of potassium carbonate and was then extracted with ethyl acetate. The extract was washed with an aqueous 
solution of sodium chloride, was dried (anhydrous magnesium sulfate) and was then concentrated under reduced 
pressure. The residue was subjected to purification using silica gel column chromatography (ethyl acetate/methanol) 
to obtain N-methyl-N-(tetrahydropyran-4-yl)^-hydroxybenzylamine (206 mg) as a light yellow, oily substance 

1 H-NMR (200 MHz, CDCI 3 ) 8: 1.6-1 .8 (4H, m), 2.21 (3H, s), 2.55-2.75 (1 H, m), 3.37 (2H, dt, J = 2 8 11 2) 3 54 
(2H, s), 4.0-4.1 (2H, m) , 6.74 (2H, d, J = 8.6), 7.17 (2H, d, J = 8.6). 

IR (KBr) 1613, 1520, 1458, 1246 cm*. 



Reference Example 77 

[0283] Into a solution of 7-(4-methyiphenyl)-2,3-dihydro-1-benzooxepine-4-carboxylic acid (841 mg) and triethyl- 
amine (0.42 m!) in THF (15 ml) was added dropwise at -5°C a solution of ethyl chloroformate (0 29 mlVTHF (2 ml) 
The resulting mixture was stirred at -5*C for 30 minutes, and an insoluble material was removed by filtration Into the 
filtrate was added dropwise under ice cooling a solution of sodium borohydride (284 mg)/water (6 ml) After stirring at 
room temperature for 1 .5 hours, the reaction mixture was mixed with 1 N hydrochloric acid and was extracted with 
ethyl acetate. The extract was washed successively with water, a 1 N aqueous solution of sodium hydroxide water 
and an aqueous solution of sodium chloride, was dried (anhydrous magnesium sulfate) and was then concentrated 
underreducedpressure.Theresiduewasrecrystallizedfrom ethyl acetate/diethyl ether /hexane to obtain 4-hydroxyme- 
thyl-7-(4-methyiphenyl)-2,3-dihydro-1-benzooxepine (708 mg) as colorless crystals 
M. p. 91-92°C 

1 H-NMR (200 MHz, CDCI 3 ) 8: 2.39 (3H, s), 2.71 (2H, t, J = 4.8), 4.25 (2H, s), 4.30 (2H, t, J = 4.8) 6 46 (1H s) 
7.00 (1 H,d, J = 8.4 z), 7.23 (2H, d, J = 8.2), 7.3-7.5 (4H, m). 1 ' 

IR (KBr) 1497, 1331, 1265, 1231, 1125, 1040, 1028, 918, 901, 806cnv«. 
[0284] Elemental Analysis. Calcd. for C 18 H 18 0 2 : C, 81 .17; H, 6.81 . Found: C, 81 .29; H, 6.88. 

Example 33 (Production of compound 33) 



[ ? * } L 4 - h y dro ^ meth W- 7 -( 4 - me thy«Phenyl)-2,3-dihydro-1-benzooxepine (89 mg), N-methyl-N-(tetrahydropyran- 
4-ylM-hydroxybenzylamine (92 mg) and tributylphosphine (0. 1 3 ml) was added under ice cooling 1 ,1 -(azodicarbonyl) 
dipipendine (129 mg). After the resulting mixture was stirred at 0°C for 10 minutes and at room temperature for one 
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hour, an insoluble material was removed by filtration. The filtrate was extracted with ethyl acetate, and the extract was 
washed twice with an aqueous solution of sodium chloride. The extract was dried (anhydrous magnesium sulfate) and 
then was concentrated under reduced pressure. The residue was subjected to purification using silica gel column 
chromatography (ethyl acetate/hexane = 4/1) and further to recrystallization from ethyl acetate/hexane to obtain 
5 4-[4-[(N-methyl-N-(tetrahydropyran-4-yO^ 

epine (compound 33) (45 mg) as colorless crystals. 
M.p. 135-136°C 

1 H-NMR (200 MHz, CDCy 5: 1.6-1.8 (4H, m), 2.20 (3H, s), 2.39 (3H, s), 2.55-2.75 (1H, m), 2.75-2.B (2H, m), 
3.36 (2H, dt, J = 2.8, 11.2), 3.53 (2H, s), 4.0-4.1 (2H, m), 4.32 (2H, t, J = 4.6), 4.61 (2H, s), 6.55 (1H, s), 6.91 (2H, d, 
10 J = 8.8), 7.00 (1 H, d, J = 8.0), 7.2-7.3 (4H, m), 7.3-7.4 (2H, m), 7.44 (2H, d, J = 8.2). 

IR (KBr) 1508, 1493, 1235, 1161, 1003, 816cnr>. 
[0286] Elemental Analysis. Calcd. for C 31 H35N0 2 .H 2 0: C, 78.95; H, 7.91 ; N, 2.97. Found: C, 78.83; H, 7.55; N, 2.88. 

Reference Example 78 

15 

[0287] Into a solution of 4-hydroxymethyl-7*(4-methylphenyl)-2,3-dihydro-1 -benzooxepine (320 mg) in dichlorometh- 
ane (10 ml) were added triphenylphosphine (378 mg) and carbon tetrabromide (597 mg), and the resulting mixture 
was stirred at room temperature for 2 hours. Thereto were additionally added triphenylphosphine (1 57 mg) and carbon 
tetrabromide (249 mg), and the resulting mixture was stirred further for 30 minutes, was then mixed with an aqueous 

20 solution of sodium bicarbonate under ice cooling and was extracted with ethyl acetate. The extract was washed with 
an aqueous solution of sodium chloride, was dried (anhydrous magnesium sulfate) and was concentrated under re- 
duced pressure. The residue was subjected to purification using silica gel column chromatography (ethyl acetate/ 
hexane = 1/9) and furtherto washing with diethyl ether/hexane to obtain 4-bromomethyl-7-(4-methylphenyl)-2,3-dihy- 
dro-1 -benzooxepine (286 mg) as a white powder. 

25 1 H-NMR (200 MHz, CDCI3) 5: 2.39 (3H, s), 2.85 (2H, t, J = 4.6), 4.20 (2H, s), 4.30 (2H, t, J - 4.6), 6.59 (1H, s), 

7.00 (1H, d, J = B.B), 7.23 (2H, d, J = 8.2), 7.3-7.4 (2H, m), 7.43 (2H, d, J = 8.2). 
IR (KBr) 1493, 1265, 1236, 1196, 912, 808 cm" 1 . 

Reference Example 79 

30 

[0288] Into a solution of 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]aniline (551 mg) in THF (50 ml) were add- 
ed triethylamine (0.42 ml) and acetic anhydride (0.26 ml), and the resulting mixture was stirred at room temperature 
for 3 hours. After evaporation of THF, the residue was extracted with ethyl acetate. The extract was washed successively 
with an aqueous solution of sodium bicarbonate and an aqueous solution of sodium chloride, was dried with anhydrous 
35 magnesium sulfate and was then concentrated under reduced pressure. The residue was recrystallized from ethyl 
acetate/hexane to obtain N-{4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]phenyl]acetamide (472 mg) as light yel- 
low crystals. 

M.p. 105-1 06°C 

1 H-NMR (200 MHz, CDCI 3 ) 5: 1 .6-1 .8 (4H, m), 2.17 (3H, s), 2.19 (3H, s), 2.55-2.7 (1 H, m), 3.36 (2H, dt, J = 3.2, 
40 11.4), 3.55 (2H, s), 3.95-4.1 (2H, m), 7.1-7.2 (1H, br), 7.27 (2H, d, J = 8.8), 7.44 (2H, d, J = 8.8). 
IR (KBr) 1665, 1601, 1537, 1408, 1316, 1140, 1009, 839 cm' 1 . 
[0289] Elemental Analysis. Calcd. for C^H^NgO,,: C, 68.67; H, 8.45; N, 10.68. Found: C, 68.56; H, 8.38; N, 10.76. 

Example 34 (Production of compound 91 ) 

45 

[0290] Into a solution of N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]phenyl]acetamide (227 mg) in DMF (4 
ml) was added under ice cooling sodium hydride (36 mg). The resulting mixture was stirred at room temperature for 
20 minutes, and 4-bromomethy1-7-(4-methylpheny!)-2,3-dihydro-1 -benzooxepine (285 mg) was then added under ice 
cooling. After stirring at room temperature for one hour, the reaction mixture was mixed with water under ice cooling. 

so The resulting mixture was salted out and was extracted with ethyl acetate/THF. The extract was dried (anhydrous 
magnesium sulfate) and was then concentrated under reduce pressure. The residue was subjected to purification using 
silica gel column chromatography (ethyl acetate/methanol = 40/1), and the resulting product was triturated with diiso- 
propyl ether. The powder was collected by filtration and was washed with diisopropyl ether to obtain N-{4-[(N-me- 
thyl-N-(tetrahydropyran-4-y0aminomethyl]phenyl]-N-{[7-(4-methylphenyl)-2,3-dihydro-1-benzooxepin-4-yl]methyl] 

55 acetamide (compound 91) (209 mg) as a light yellow, amorphous substance. 

1 H-NMR (200 MHz, CDCl 3 ) 1 .6-1.8 (4H, m), 1 .91 (3H, s), 2.1 6 (3H, s), 2.37 (3H, s), 2.5-2.65 (1 H, brm), 2.65-2.75 
(2H, m), 3.25-3.45 (2H, m), 3.55 (2H, s), 3.9-4.1 (2H, m), 4.23 (2H, d, J = 4.8), 4.50 (2H, s), 6.06 (1H, s), 6.96 (1H, d, 
J = 8.6), 7.08 (2H, d, J = 7.6), 7.15-7.4 (8H, m). 
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IR (KBr) : 1661, 1508, 1491, 1387, 1235, 814 cm* 1 . 
Reference Example 80 

[0291 ] Into a solution of 4-hydroxymethy|.7-(4-methylphenyl)-2 f 3-dihydro-1 -benzooxepine (0.21 g) in dichlorometh- 
ane (10 ml) were added manganese dioxide (687 mg), and the resulting mixture was stirred at room temperature for 
3 hours. An insoluble material was removed by filtration, and the filtrate was evaporated to remove dichloromethane 
The residue was recrystallized from ethyl acetate/hexane to obtain 7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine- 
4-carbaldehyde (1 92 mg) as colorless crystals. 
M. p. 132-133°C 

1 H-NMR (200 MHz, CDCI3) 5: 2.40 (3H, s), 2.90 (2H, t, J = 4.4), 4.31 (2H, t, J - 4.4), 7.09 (1 H, d, J - 8.4), 7.2-7 3 
(3H, m), 7.4-7.6 (4H, m), 9.58 (1 H, s). 

IR (KBr) 1672, 1626, 1495, 1296, 1242, 1163, 1134, 1080, 1028, 810 cm- 1 . 
[0292] Elemental Analysis. Calcd. for C 18 H 16 O 2 -0.1 H 2 0: C, 81 .24; H, 6.14. Found: C, 81 .43; H, 6.09. 

Example 35 (Production of compound 34) 

[0293] Into a solution of 7-(4-methylph enyl)-2,3-di hydro- 1-benzooxeplne-4-carbaldehyde (191 mg)) and 4-[N-me- 
thyl-N-(tetrahydropyran-4-yI)aminomethyl]aniline (159 mg) in 1 ,2-dichloroethane (5 ml) was added sodium triacetoxy- 
borohydride (16B mg). The resulting mixture was stirred at room temperature for 4.5 hours, additional sodium triace- 
toxyborohydride (76 mg) was added thereto and the resulting mixture was stirred further for 4 days. The reaction 
mixture was mixed with an aqueous solution of sodium bicarbonate under ice cooling and was extracted with dichlo- 
romethane, and the extract was washed with an aqueous solution of sodium chloride. The extract was dried (anhydrous 
magnesium sulfate) and was then concentrated under reduced pressure. The residue was subjected to purification 
using silica gel column chromatography (ethyl acetate/methanol = 10/1), 4 N hydrochloric acid was added to the re- 
sulting product and the precipitate was collected by filtration and was washed with ethyl acetate to obtain N-[4-[(N- 
methyl-N-(tetrahydropyran^ 
amine (compound 34) (88 mg) as a light yellow powder. 
M. p. 158-160°C 

1 H-NMR (200 MHz, DMSO-d 6 ) 5: 1.6-2.1 (4H, m), 2.33 (3H, s), 2.56 (3H, s), 2.6-2.7 (2H, m), 3 2-3 4 (3H m) 
3.8-4.0 (5H, m), 4.15-4.3 (3H, m), 6.50 (1 H, s), 6.67 (2H, d, J = 8.8), 6.94 (1 H, d, J « 8.0), 7.2-7.3 (4H m) 7 3-7 45 
(2H, m), 7.48 (2H,d, J = 8.2), 8.32 (1H,s), 9.8-10.0 (1H,br). ' 

IR (KBr) 1493, 1456, 1238, 816 cnrV 

Reference Example 81 

[0294] Into a solution of 4-bromomethyl-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine (329 mg) in toluene (1 0 ml) 
was added triphenylphosphine (393 mg), and the resulting mixture was refluxed for 2 hours. After gradual cooling the 
precipitate was collected by filtration and was washed with toluene. The precipitate was dried under reduced pressure 

to obtain [7-(4-methylphenyl)-2,3-dihydro-1-benzooxepin-4-yl]methyltriphenylphosphonium bromide (549 mq) as a 
white powder. a/ 

1 H-NMR (200 MHz, CDCI3) 8: 2.35 (3H, s), 2.35-2.45 (2H, m), 4.07 (2H, t, J = 4.4), 4.48, 4.55 (1 H s) 6 22 6 25 
(1H, s), 6.93 (1H,d, J = 8.0), 6.95-7.05 (1H,m), 7.21 (2H, d, J = 8.6), 7.3-7.4 (3H, m), 7.7-8.0 (15H m) ' ' 
IR (KBr) 1489, 1435, 1235, 1115, 810, 723 cm -1 . 

Reference Example 82 

[0295] Into a solution of N-methyl-N-(tetrahydropyran-4-yl)"4-hydroxybenzylamine (0.94 g) in dichloromethane (20 
ml) was added manganese dioxide (3.48 g), and the resulting mixture was stirred at room temperature for 24 hours 
Manganese dioxide was removed by filtration, and the filtrate was evaporated. The residue was subjected to purification 
using silica gel column chromatography (ethyl acetate/hexane = 2/1) to obtain 4-[N-methyl-N-(tetrahydropyran-4-yl) 
aminomethyQbenzaldehyde (931 mg) as a colorless oily substance. 

1 H-NMR (200 MHz, CDCI3) 8: 1 .5-1 .85 (4H, m), 2.22 (3H, s), 2.55-2.75 (1 H, m), 3.38 (2H, dt, J = 2 8 1 1 4) 3 67 
(2H, s), 3.95-4.15 (2H, m), 7.51 (2H, d, J = 8.0), 7.84 (2H, d, J = 8.0), 10.01 (1H s) ' ' 

IR (KBr) 1699, 1607, 1209, 1142, 1086 cm' 1 . 
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Example 36 (Production of compounds 35 and 36) 

[0296] Into a solution of [7-(4-methylpheny1)-2,3-dihydro-1 -benzooxepin-4-ylJmethyrtriphenylphosphonium bromide 
(549 mg) and 4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]benzaldehyde (217 mg) in THF (10 ml) was added 

5 under ice cooling potassium t-butoxide (1 04 mg). After stirring at 0°C for one hour, the reaction mixture was mixed with 
water under ice cooling, was salted out and was extracted with ethyl acetate. The extract was dried (anhydrous mag- 
nesium sulfate) and was then concentrated under reduced pressure. The residue was subjected to purification using 
silica gel column chromatography (ethyl acetate/hexane =? 2/1 ), and the product from the first eluent was recrystallized 
from ethyl acetate/hexane to obtain (Z)-4-[2-[4-[(N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]phenyl]ethenyl]- 

io 7-(4-methy!phenyl)-2,3-dihydro-1 -benzooxepine (compound 35) (80 mg) as colorless crystals. The product from the 
second eluent was recrystallized from ethyl acetate/hexane to obtain (E)-4-[2-{4-[(N-methyl-N-(tetrahydropyran-4-yl) 
aminomethyl3phenyI]ethenyI]-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine (compound 36) (22 mg) as colorless 
crystals, 

Compound 35: M. p. 115-116°C 

15 1 H-NMR (200 MHz, CDOj) 5: 1 .5-1 .8 (4H, m), 2.18 (3H, s), 2.38 (3H, s) t 2.5-2.7 (3H t m), 3.36 (2H, eft, J = 2.2, 

11 .2), 3.56 (2H, s), 3.95-4.1 (2H, m), 4.16 (2H, t, J = 4.6), 6.32 (1H, d, J = 12.2), 6.49 (1H, d, J = 12.2), 6.52 (1H, s), 
6.97 (1H, d, J = 8.4), 7.15-7.35 (8H, m), 7.42 (2H, d, J = 8.4). 

IR (KBr) 1493, 1264, 1240, 1136, 1080, 1028, 1007, 912, 862, 845, 816 crrrV 
[0297] Elemental Analysis. Calcd. for C^H^NC^: C, 82.54; H, 7.58; N, 3.01 . Found: C, 82.38; H, 7.75; N, 2.84. 

20 Compound 36: M. p. 119-120°C 

1 H-NMR (200 MHz, CDCI3) 6: 1.6-1.8 (4H, m), 2.23 (3H, s), 2.40 (3H, s), 2.6-2.8 (1H, m), 2.95 (2H, t, J = 4.6), 
3.38 (2H, dt, J = 3.0, 11 .2), 3.59 (2H, s), 4.0-4.1 (2H, m), 4.38 (2H, t, J = 4.6), 6.58 (1 H, d, J = 17.0), 6.59 (1H, s), 6.98 
(1H, d, J = 17.0), 7.01 (1H, d, J = 8.4), 7.2-7.45 (8H, m), 7.46 (2H, d, J = 8.4). 
IR (KBr) 1491, 1377, 1262, 1231, 1140, 1086, 963, 810cm" 1 . 

25 [0298] Elemental Analysis. Calcd. for C^H^NC^: C, 82.54; H, 7.58; N, 3.01 . Found: C, 82.19; H, 7.33; N, 2.85. 

Reference Example 83 

[0299] A mixture of 7-(4-methylphenyl)-2,3-di hydro- 1 -benzooxepine-4-carboxylic acid (561 mg), diphenylphosphoryl 
30 azide (0.43 ml), triethylamine (0.28 ml) and methanol (10 ml) was refluxed for 5 hours. The reaction mixture was 
evaporated to remove the solvent and was then extracted with ethyl acetate. The extract was washed successively 
with a 5% aqueous solution of citric acid, water, an aqueous solution of sodium bicarbonate, water and an aqueous 
solution of sodium chloride, was dried (anhydrous magnesium sulfate) and was then concentrated under reduced 
pressure. The residue was subjected to purification using silica gel column chromatography (ethyl acetate/hexane = 
35 1/4) to obtain 4-methoxycarbonylamino-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine (180 mg) as a light yellow sol- 
id. 

1 H-NMR (200 MHz, CDCI3) 8: 2.38 (3H, s), 2.93 (2H, t, J = 5.2), 3.74 (3H, s), 4.28 (2H, t, J = 52), 6.13 (1H, brs), 
6.62 (1H, s), 6.96 (1H, d, J = 8.2), 7.2-7.4 (4H, m), 7.44 (2H, d, J = 8.2). IR (KBr) 1715, 1469, 1269, 1186, 1047, 1026, 
959, 812 cm- 1 . 

40 

Reference Example 84 

[0300] Into a solution of N-methyl-N-(tetrahydropyran-4-y0-4-(hydroxymethyl)benzylamine (0.68 g) and triphenyl- 
phosphine (0.91 g) in dichloromethane (10 ml) was added under ice cooling carbon tetrabromide (1.44 g), and the 

45 resulting mixture was stirred at room temperature for 2 hours. The reaction mixture was mixed with an aqueous solution 
of sodium bicarbonate under ice cooling and was extracted with ethyl acetate. The extract was washed with an aqueous 
solution of sodium chloride, was dried (anhydrous magnesium sulfate) and was concentrated under reduced pressure. 
The residue was subjected to purification using silica gel column chromatography (ethyl acetate/hexane 1/9) and further 
to washing with diethyl ether/hexane to obtain N-methyl-N-(tetrahydropyran-4-yr)-4-(bromomethyl)benzylamine (687 

so mg) as a white solid. 

1 H-NMR (200 MHz, CDCI 3 ) 5: 1 .6-1 .8 (4H, m), 2.20 (3H, s), 2.55-2.75 (1 H, m) , 3.37 (2H, dt, J = 3.0, 11 .4), 3.58 
(2H, s), 4.0-4.1 (2H, m), 4.50 (2H, s), 7.3-7.6 (4H, m). 

IR (KBr) 1474, 1456, 1431, 1387, 1248, 1142, 1084, 1013, 853 cm" 1 . 

55 Example 37 (Production of compound 37) 

[0301 ] Into a solution of 4-methoxycarbonylamino-7-(4-methylpheny1)-2,3-dihydro-1 -benzooxepine (1 79 mg) in DMF 
(4 ml) was added under ice cooling sodium hydride (27 mg). After stirring at room temperature for 30 minutes, N- 
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methyl-N-(tetrahydropyran-4-yl)-4-(bromomethyObenzylamine (273 mg) was added into the resulting mixture under 
ice cooling. After stirring at room temperature for one hour, the reaction mixture was mixed with water under ice cooling. 
The resulting mixture was salted out and was extracted with ethyl acetate. The extract was dried (anhydrous magnesium 
sulfate) and was then concentrated under reduced pressure. The residue was subjected to purification using silica gel 
column chromatography (ethyl acetate/hexane 4/1) and the resulting product was triturated with diisopropyl ether/ 
hexane. The powder was collected by filtration and was washed with diisopropyl ether to obtain N-methoxycarbo- 
nyl-N^7-(4-me%lpheny!)-2,3<iihydro^ 

phenyimethyljamine (compound 37) (25 mg) as a light yellow, amorphous substance. 

1 H-NMR (200 MHz, CDCI3) 5: 1 .5-1 .8 (4H, m), 2.23 (3H, brs), 2.2-2.3 (1 H, m), 2.6-2.7 (2H, m), 3.25-3.4 (2H, m) t 
3.6-3.7 (2H, m), 3.76 (3H ( s), 4.0-4.1 (2H, m), 4.1-4.2 (2H t m), 4.72 <2H, s), 6.24 (1H, s), 6.96 (1H, d, J = 8.4), 7.2-7.7 
(10H, m). 

IR (KBr) 1701, 1493, 1449, 1375, 1264, 1236, 1121 cm'V 
Example 38 (Production of compound 38) 

[0302] ToN-methyl-N-(tetrahydropyran-4-yl)-4-((7-(4-methylphenyl)-2 ) 3-dihydro-1-benzooxepin-4-yl)-methylamino) 
benzylamine dihydrochloride (0.25 g) dissolved in 1 ,2-dichloroethane (5 ml) were added triethylamine (0.13 ml) and a 
37% aqueous solution of formaldehyde (0.05 ml), and thereto was added under ice cooling sodium triacetoxyborohy- 
dride (0.14 g). The resulting mixture was stirred at room temperature overnight under a nitrogen atmosphere. The 
reaction mixture was evaporated to remove the solvent, was neutralized with a 1 N aqueous solution of sodium hy- 
droxide and was extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated 
solution of sodium chloride, and was then dried with anhydrous magnesium sulfate. The organic layer was evaporated 
under reduced pressure to remove the solvent to obtain crude crystals. The crude crystals were recrystallized from 
ethyl acetate/hexane to obtain N-methyl-N-(tetrahydropyran-4-yl)-4-((N-methyl-N-(7-(4-methylphenyl)-2,3-dihydro- 
1 -benzooxepin-4-yl)-methyl)amino)benzylamine (compound 38) (0. 1 1 g) as colorless crystals 
M. p. 110-114°C 

1 H-NMR (6 ppm, CDCI3) 1.60-1.75 (4H, m), 2.21 (3H, s), 2.37 (3H, s), 2.61 (2H, t, J = 4.8 Hz), 2.63-2 75 (1H 
m), 2.97 (3H, s), 3.36 (2H, dt, J = 3.0, 9.7 Hz), 3.52 (2H, s) f 3.98 (2H, s), 3.98-4.05 (2H, m), 4.29 (2H, t, J = 4 8 Hz)' 
6.33 (1 H, s), 6.72 (2H, d, J = 8.8 Hz), 6.99 (1H, d, J = 9.2 Hz), 7.15-7.23 (4H, m), 7.28-7.33 (2H, m), 7.43 (2H d J =' 
30 8.2 Hz). 

IR (KBr) v: 2949, 1615, 1520, 1491 cm' 1 . 
[0303] Elemental Analysis. Calcd. for 03^381^02-0.2 H 2 0: C, 79.04; H, 7.96; N, 5.76. Found: C, 79.1 8; H, 7.89; N, 
5.75. 

35 Reference Example 85 

[0304] To 7-(4-methylphenyl)-2,3,4,5-tetrahydro-1 -benzooxepin-5-one (1 g) dissolved in ethanol (50 ml) was added 
under ice cooling sodium borohydride (0.3 g). The resulting mixture was stirred at room temperature for 30 minutes 
was mixed with water and was concentrated. The residue was extracted with ethyl acetate, and the organic layer was 
washed with water and was then concentrated. To the residue dissolved in bis(2-methoxyethyl)ether (20 ml) was added 
hydrochloric acid (5 ml), and the resulting mixture was stirred with heating at 75°C for one hour. The reaction mixture 
was poured into water and was extracted with ethyl acetate. The organic layer was washed with water and an aqueous 
saturated solution of sodium chloride, was then dried with anhydrous magnesium sulfate and was evaporated to remove 
the solvent. The precipitate was collected by filtration using hexane to obtain 7-(4-methylphenyl)-2,3-dihydro-1-ben- 
45 zooxepine (0.78 g) as colorless crystals. 
M. p. 98-1 00°C 

1 H-NMR (8 ppm, CDCI 3 ) 2.38 (3H, s), 2.65-2.74 (2H, m), 4.27 (2H, t, J = 4.9 Hz), 6.01 (1H, dt, J = 11 7 4 4 Hz) 
6.39 (1H, d, J = 11.7 Hz), 7.01 (1H, d, J = 8.0 Hz), 7.23 (2H, d, J = 8.2 Hz), 7.31-7.38 (2H, m), 7.45 (2H, d, J = S.O Hz)' 

IR (KBr) v: 3025, 1491 cm' 1 . 
[0305] Elemental Analysis. Calcd. for C 17 H 16 0: C, 86.41; H, 6.82. Found: C, 86.17; H, 6.61. 

Reference Example 86 



40 



50 



[0306] Into dimethyrformamide (0.2 ml) was added dropwise under ice ccoling sulfuryl chloride (0.1 7 ml), and the 
resulting mixture was stirred at room temperature for 10 minutes under a nitrogen atmosphere. Thereto was added 
7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine (0.3 g), and the resulting mixture was heated at 90°C for 3 hours under 
a nitrogen atmosphere. The reaction mixture was mixed with ice water and was extracted with ethyl acetate. The 
organic layer was washed with water and an aqueous saturated solution of sodium chloride, was then dried with an- 
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hydrous magnesium sulfate and was evaporated to remove the solvent to obtain 7-(4-methylphenyl)-2,3-dihydro-1 -ben- 
zooxepine-4-sulfonyl chloride (0.36 g) as light yellow crystals. 
M. p. 162-166°C 

1H-NMR (8 ppm, CDCI 3 ) 2.40 (3H, s), 3.27 (2H, t, J = 4.7 Hz), 4.41 (2H, t, J = 4.7 Hz), 7.11 (1H, d, J = 9.6 Hz), 
5 7.26 (2H, d, J = 8.2 Hz), 7.44 (2H, d, J = 8.2 Hz), 7.57-7.62 (2H, m), 7.70 (1H, s). 
IR (KBr) v: 3027, 1634, 1493 cnr 1 . 
[0307] Elemental Analysis. Calcd. for C 17 H l5 CI0 3 S: C, 60.98; H, 4.52. Found: C, 61 .14; H, 4.26. 

Example 39 (Production of compound 39) 

10 

[0308] To 4-(N-methyl-N-(tetrahydropyran-4-yl)aminomethy!)aniline (0.13 g) and triethylamine (0.22 ml) dissolved in 
tetrahydrofuran (1 0 ml) was added under ice cooling 7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-surfonyl chlo- 
ride (0.18 g), and the resulting mixture was stirred at room temperature overnight under a nitrogen atmosphere. The 
reaction mixture was evaporated to remove the solvent, was then mixed with water and was extracted with ethyl acetate. 

is The organic layer was washed with water and an aqueous saturated solution of sodium chloride, was then dried with 
anhydrous magnesium sulfate and was evaporated to remove the solvent. The residue was subjected to purification 
using silica gel column (ethyl acetate) to obtain crude crystals. The crude crystals were recrystallized from ethyl acetate/ 
hexane to obtain 7-(4-methylpheny0-N-(4-((N-methy1-N-tetrahydropyran^-y0aminomethyl)phenyr)-2,3-dihydro- 
1-benzooxepine-4-sulfonamide (compound 39) (0.19 g) as colorless crystals. 

20 M. p. 157-162°C 

1 H-NMR (8 ppm, CDCI3) 1 .54-1 .71 (4H, m), 2.1 2 (3H, s), 2.39 (3H, s), 2.50-2.65 (1 H, m), 2.98 (2H, t, J = 4.5 Hz), 
3.31 (2H, dt, J = 0.8, 11.0 Hz), 3.49 (2H, s), 3.97-4.11 (2H, m), 4.25 (2H, t, J = 4.5 Hz), 7.02 (1H, d, J = 9.2 Hz), 7.11 
(2H, d, J = 8.8 Hz), 7.22-7.26 (4H, m), 7.40-7.50 (5H, m). 
IR (KBr) v: 2949, 2847, 1493 cm* 1 . 

25 [0309] Elemental Analysis. Calcd. for C^H^N^S: C, 69.47; H, 6.61 ; N, 5.40. Found: C, 69.27; H, 6.50; N, 5.37. 

Reference Example 87 

[0310] A solution of 4-nitrobenzylamine (5.24 g, 34.4 mmol) and S-methyl-N,N'-bis(tert-butoxycarbonyl)isothiourea 
30 (5.00 g, 17.2 mmol) in THF (60 ml) was stirred at 55°C for 9 hours and at room temperature for 11 hours. The reaction 
mixture was concentrated under reduced pressure, was then mixed with ethyl acetate (150 m!) and was washed with 
1 N hydrochloric acid (30 ml x 3) and an aqueous saturated solution of sodium chloride (30 ml) in the order. The 
organic layer was dried with anhydrous magnesium sulfate and was then concentrated under reduced pressure, and 
the residue was subjected to column chromatography (silica gel, 150 g: ethyl acetate/hexane 1/9 -> 1/6). The objective 
35 fractions were concentrated under reduced pressure, diisopropyl ether was added to the residue and an insoluble 
material was collected by filtration. The insoluble material was washed with diisopropyl ether and was then dried under 
reduced pressure to obtain N-(4-nitrobenzyl)-N , ,N ,, -bis(tert-butoxycarbonyl)guanidine (5.67 g, 14.4 mmol, 83%). 
IR (KBr) : 1723, 1644, 1620, 1570, 1524 cm" 1 . 

1 H-NMR (CDCI3) 8: 1.50 (18H, s), 4.7^.8 (2H, m), 7.48 (2H, d, J = 8.5 Hz), 8.21 (2H, d, J = 8.5 Hz). 

40 

Reference Example 88 

[031 1 ] To N-(4-nitrobenzyl)-N , ,N ,, -bis(tert-butoxycarbonyl)guanidine (1 .97 g, 4.99 mmol) dissolved in a mixed solvent 
of THF (25 ml) and methanol (25 ml) were added at 0°C nickel bromide (109 mg, 0.50 mmol) and sodium borohydride 

45 (757 mg, 20.0 mmol) in the order, and the resulting mixture was stirred at room temperature for 30 minutes. The reaction 
mixture was mixed with 1 N hydrochloric acid (40 ml) at 0°C, and the resulting mixture was stirred at the same tem- 
perature for 5 minutes. The resulting mixture was adjusted to about pH 8 by adding an aqueous saturated solution of 
sodium bicarbonate and was extracted with ethyl acetate. The organic layer was dried with anhydrous sodium sulfate 
and was then concentrated under reduced pressure, diisopropyl ether was added to the residue, and an insoluble 

so material was collected by filtration. The insoluble material was washed with diisopropyl ether and was then dried under 
reduced pressure to obtain 4-[N' > N n -bis(tert-butoxycarbonyl)guanidinomethylJaniline (1 .21 g, 3.32 mmol, 66%). 
IR (KBr) :1622,1516 cm" 1 . 

1 H-NMR (CDCI3) 8: 1 .47(9H, s), 1 .52 (9H, s), 4.45-4.55 (2H, m), 6.66 (2H, d, J = 8.6 Hz), 7.11 (2H, d, J = 8.6 Hz). 

55 Example 40 (Production of compound 40) 

[0312] To 7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxylic acid (300 mg, 1 .07 mmol) dissolved in DMF 
(10 ml) were added at 0°C 1 -hydroxybenzotriazole (159 mg, 1.18 mmol), 4-{N\N"-bis (tert-butoxycarbonyl)guanidi- 
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nomethyl]aniline (429 mg, 1.18 mmol), 1-ethyl-3-(3-dimethylaminopropyI)carbodiimide hydrochloride (308 mg, 1.61 
mmol), triethylamine (0.447 ml, 3.21 mmol) and 4-dimethylaminopyridine (6 mg), and the resulting mixture was stirred 
at room temperature for 48 hours. The reaction mixture was concentrated under reduced pressure and was mixed with 
ethyl acetate (70 ml) and the resulting mixture was washed with water (5 ml x 3), an aqueous saturated solution of 
sodium bicarbonate (5 ml x 3) and an aqueous saturated solution of sodium chloride (5 m!) in the order. The organic 
layer was dried with anhydrous sodium sulfate and was concentrated under reduced pressure, and the residue was 
subjected to column chromatography (silica gel: 15 g, ethyl acetate/hexane = 1/4). The objective fractions were con- 
centrated under reduced pressure, a mixed solvent (ethyl acetate/hexane = 1/1) was added to the residue and an 
insoluble material was collected by filtration. The insoluble material was washed with the mixed solvent (ethyl acetate/ 
hexane = 1/1) and was then dried under reduced pressure to obtain N-[4-[N , ,N ,, -bis(tert>butoxycarbonyl)guanidinome- 
thyl]phenyI]-7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxamide (compound 40) (390 mg, 0.62 mmol, 
58%). 

IR (KBr) : 1723, 1647, 1617, 1576, 1518 crrr 1 . 

1 H-NMR (CDCy 8: 1 .48 (9H, s), 1 .52 (9H, s), 2.40 (3H, s), 3.0-3.15 (2H, m), 4.3-4.45 (2H, m), 4.55-4.7 (2H m) 
15 7.06 (1H,d, J = 8.4 Hz), 7.2-7.7 (11 H,m). 1 ' 

Example 41 (Production of compound 41) 

[0313] To N-t4-[N',N"-bis(tert-butoxycarbonyl)guanidinomethyl]phenyI] -7- (4-methylphenyl)-2,3-dihydro-1 -benzoox- 
20 epme-4-carboxamide (170 mg, 0.27 mmol) was added 4 N hydrogen chloride (a solution in ethyl acetate), and the 
resulting mixture was stirred at room temperature for 18 hours. The reaction mixture was concentrated under reduced 
pressure and was mixed with diethyl ether to collect an insoluble material by filtration. The insoluble material was 
washed with diethyl ether and was then dried under reduced pressure to obtain N-(4-guanidinomethylphenyl)-7-(4-meth- 
ylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxamide hydrochloride (compound 41) (130 mg, 0 28 mmol) 
25 |R (KBr) : 1655, 1613, 1597, 1522 cm' 1 . 

1 H-NMR (DMSO-de) * 2.35 (3H, s), 2.9-3.05 (2H P m), 4.2-4.4 (4H, m), 7.06 (1H, d, J = 8.4 Hz), 7.2-7.8 (7H, m). 

Reference Example 89 

[0314] Into a solution of 7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxylic acid (0.93 g) in dichlorometh- 
ane (20 ml) were added under ice cooling DMF (4 drops) and oxalyl chloride (0.34 ml). After 2 hours at room temper- 
ature, the reaction mixture was concentrated, and the residue was dissolved in THF (20 ml). In addition, into a solution 
of 4-aminobenzonitrile (412 mg) in THF (10 ml) were added under ice cooling triethylamine (1.38 ml) and then the 
above-prepared acid chloride solution, and the resulting mixture was stirred at room temperature for 17 hours. The 
reaction mixture was mixed with water under ice cooling and was extracted with ethyl acetate. The extract was washed 
with an aqueous solution of sodium chloride, was dried (anhydrous magnesium sulfate) and was then evaporated 
under reduced pressure to remove the solvent. The residue was subjected to purification using silica gel column chro- 
matography (ethyl acetate/hexane = 1/4) and further to recrystallization from ethyl acetate/hexane to obtain N-(4-cy- 
anophenyl)-7-(4-methylphenyI)-2,3-dihydro-1-benzooxepine-4-carboxamide (986 mg) as colorless crystals 
M. p. 187-189*0 1 

1 H-NMR (200 MHz, CDCy 6: 2.40 (s, 3H), 3.07 (t p 2H, J = 4.6), 4.36 (t, 2H, J = 4.6), 7.07 (d, 1 H, J = 8 0) 7 2-7 3 
(m, 3H), 7.4-7.55-(m, 4H), 7.64 (d, 2H, J = 8.8), 7.74 (d, 2H, J = 8.8). ' 

IR (KBr) 2222, 1671, 1588, 1514, 1404, 1316, 1225, 1175, 837, 812cnr«. 
[0315] Elemental Analysis. Calcd. for C^K^N^: C, 78.93; H, 5.30; N, 7.36. Found: C, 78.98; H, 5.24; N, 7.26. 

Reference Example 90 



30 



35 



45 



[0316] To N-(4-cyanophenyl)-7-(4-methylphenyI)-2,3-dihydro-1 -benzooxepine-4-carboxamide (347 mg) was added 

a solution of 28% hydrogen chloride/ethanol/dioxane (5 ml). After the resulting mixture was stirred at room temperature 

so for 20 hours, the precipitate was collected by filtration and was washed with ethyl acetate to obtain N-[4-(ethoxycarbon- 

imidoyl)phenyl]-7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxamide hydrochloride (369 mg) as vellow 
crystals. J 

1 H-NMR (DMSO-d 6 ) 5: 1 .50 (t, 2H, J = 7.0), 2.34 (s, 3H), 2.9-3.1 (m, 2H), 4.1-4.4 (m, 2H), 4.60 (q 2H J = 7 0) 
7.06 (d, 1H, J = 8.8), 7.26 (d, 2H, J = 8.4), 7.45-7.65 (m, 4H), 7.7-7.85 (m, 1H), 8.01 (d, 2H, J = 8.8), 8.12 (d 2H J = 
55 8.8), 10.59 (s,1H), 10.8-11.2 (br,1H). ' 
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Example 42 (Production of compound 42) 

[031 7] To N-[4-(ethoxycarbonimidoyl)phenyl]-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxamide hy- 
drochloride (364 mg) was added a solution of 14% ammonia/ethanol (5 ml). The resulting mixture was stirred at room 

5 temperature overnight and then at 50°C for 3 hours. The reaction mixture was concentrated, the residue was suspended 
in ethyl acetate and 4 N hydrochloric acid/ethyl acetate was added. The precipitate was collected by filtration, was 
washed with ethyl acetate and further was recrystallized from acetonitrile/methanol/ethyl acetate to obtain N-(4-amid- 
inophenyl)-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxamide hydrochloride (compound 42) (1 27 mg) as 
colorless crystals. 

10 M. p. 294-296°C 

1 H-NMR (200 MHz, DMSO-dg) 6: 2.35 (s, 3H), 2.95-3.05 (m, 2H), 4.25-4.35 (m, 2H), 7.06 (d, 1H, J = 8.4), 7.26 
(d, 2H, J = 8.0), 7.45 (s, 1H), 7.56 (d, 2H, J = 8.0), 7.5-7.6 (m, 1H), 7.75-7.85 (m, 1H), 7.84 (d, 2H, J = 8.8), 7.96 (d, 
2H, J = 8.8), 8.8-9.0 (brm, 2H), 9.2-9.3 (brm, 2H), 10.45 (s, 1H). 
IR (KBr) 1676, 1644, 1597, 1493, 1329, 1258, 845, 814 cnv 1 . 

is [0318] Elemental Analysis. Calcd. forC^H^Og-HCI'O.S H 2 0: C, 68.35; H, 5.64; N, 9.56. Found: C, 68.09; H, 5.56; 
N, 9.87. 

Example 43 (Production of compound 43) 

20 [0319] Into a suspension (4 ml) of N-[4-(ethoxycarbonimidoyl)phenyl]-7-(4-methyiphenyl)-2,3-dihydro-1-benzoox- 
epine-4-carboxamide hydrochloride (1 69 mg) in ethanol was added ethylamine (1 ml). The resulting mixture was stirred 
at room temperature for 4 days and was then concentrated. The residue was suspended in ethyl acetate, 4 N hydro- 
chloric acid/ethyl acetate was added and the precipitate was collected by filtration. The precipitate was recrystallized 
from ethyl acetate/methanol to obtain N-(4-ethylamidinophenyl)-7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine- 

25 4-carboxamide hydrochloride (compound 43) (25 mg) as colorless crystals. 
M. p. >300°C 

1 H-NMR (200 MHz, DMSO-de) 8: 1.25 (t, 3H, J = 7.2), 2.34 (s, 3H), 2.9-3.1 (m, 2H), 3.3-3.5 (m, 2H), 4.25-4.4 
(m, 2H), 7.06 (d, 1H, J = 8.6), 7.26 (d, 2H, J = 7.6), 7.46 (s, 1H), 7.5-7.65 (m, 3H), 7.75 (d, 2H, J = 8.6), 7.7-7.8 (m, 
1H), 7.95 (d, 2H, J = 8.6), 8.9 (brs, 1H), 9.33 (brs, 1H), 9.6-9.7 (m, 1H), 10.12 (s, 1H). 
30 |R (KBr) 1 671 , 1 51 B, 1 456, 1318,1 231 , 81 6 crrr 1 . 

[0320] Elemental Analysis. Calcd. forC 27 H 27 N 3 O 2 -HCI-0.5 H 2 0: C, 68.85; H, 6.21 ; N, 8.92. Found: C, 68.61 ; H, 6.21 ; 
N.8.94. 

Example 44 (Production of compound 44) 

35 

[0321] Into a solution of N-[4-(ethoxycaroontmidoyl)pheny0-7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-car- 
bcxamide hydrochloride (200 mg) in ethanol (4 ml) was added morpholine (1 ml). The resulting mixture was stirred at 
room temperature overnight, was then concentrated and was mixed with an aqueous solution of sodium bicarbonate. 
The resulting mixture was extracted with ethyl acetate, and the extract was washed with an aqueous solution of sodium 
40 ■ chloride. The extract was dried (anhydrous magnesium sulfate) and was then mixed with 4 N hydrochloric acid/ethyl 
acetate, and the precipitate was collected by filtration and was washed with ethyl acetate to obtain N-{4-(4-morpholino) 
carbonimidoylphenyl]-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxamide hydrochloride (compound 44) 
(104 mg) as colorless crystals. 
M. p. 209-21 1°C 

45 1 H-NMR (200 MHz, DMSO-d 6 ) 8: 2.3 (s, 3H), 2.9-3.1 (m, 2H), 3.3-3.55 (m, 2H), 3.6-3.75 (m, 2H), 3.75-3.9 (m, 

4H), 4.25-4.4 (m, 2H), 7.07 (d, 1H, J = 8.6), 7.27 (d, 2H, J = 7.6), 7.45 (s, 1H), 7.5-7.7 (m, 3H), 7.60 (d, 2H, J = 7.6), 
7.75-7.8 (m, 1H), 7.98 (d, 2H, J = 8.6), 9.30 (s, 1H), 9.54 (s, 1H), 10.43 (S, 1H). 

IR (KBr) 1663, 1603, 1522, 1493, 1460, 1318, 1248, 1184, 1115, 850, 812 cm* 1 . 
[0322] Elemental Analysis. Calcd. for C29H29N303 - HCI • 0.6 H 2 0: C, 67.66; H, 6.11; N, 8.16. Found: C, 67.45; H, 

50 5.96; N, 7.94. 

Example 45 (Production of compound 45) 

[0323] To N-(4-cyanomethylphenyl)-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxamide hydrochloride 
55 (200 mg) was added a solution of 28% hydrogen chloride/ethanol/dioxane (2 ml). The resulting mixture was kept over- 
night in a refrigerator and then was concentrated, and ethanol (4 ml) and morpholine (1 ml) were added to the residue. 
After being stirred at room temperature for one hour, the reaction mixture was concentrated and was mixed with an 
aqueous solution of sodium bicarbonate. The resulting mixture was extracted with ethyl acetate. The extract was dried 



77 



EP 1 182 195 A1 



(magnesium sulfate) and was concentrated, and the residue was recrystallized from methanol/ethyl acetate/hexane 
to obtain N-[4-[(4-morpholino) carbon imidoylmethyl]phenyI]-7.(4-methylphenyl)-2 l 3-dihydro-1 -benzooxepine-4-car- 
boxamide (compound 45) (93 mg) as colorless crystals. 
M. p. 196-198°C 

1 H-NMR (200 MHz, CDCI3) 8: 2.39 (3H, s), 3.07 (2H, t, J = 4.8), 3.4-3.55 (4H, m), 3.6-3.7 (6H, m), 4.34 (2H, t, J 
= 4.8), 7.04 (1 H, d, J = 8.4), 7.1 9 (2H, d, J = 8.8), 7.2-7.3 (2H, m), 7.4-7.55 (5H, m), 7.60 (2H, d, J = 8.0), 7.79 (1 H brs) 

IR (KBr) 1659, 1582, 1522, 1493, 1318, 1171, 1123, 1030, 814cm-1. 
[0324] Elemental Analysis. Calcd. for CaoH^CVO.S H 2 0: C, 73.45; H, 6.57; N, 8.57. Found: C, 73,46; H, 6.43; N, 
8.48. 



15 



20 



Example 46 (Production of compound 46) 

[0325] To N-(4-cyanomethylphenyi)-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxamide (200 mg) was 
added a solution of a 28% hydrogen chloride/ethanol/dioxane (2 ml). The resulting mixture was kept overnight in a 
refrigerator and then was concentrated, and ethanol (4 ml) and piperidine (1 ml) were added to the residue. After being 
stirred at room temperature for one hour, the reaction mixture was concentrated and was mixed with an aqueous 
solution of sodium bicarbonate. The mixture was extracted with ethyl acetate/methanol. The extract was dried (mag- 
nesium sulfate) and was then concentrated. To the residue was added 4 N hydrochloric acid/ethyl acetate, and the 
precipitate was collected by filtration and was washed with ethyl acetate to obtain N-[4-(1-piperidino)carbonimidoyl- 

methyl]phenyl]-7-(4-methylphenyl)-2 l 3-dihydro-1-benzooxepine-4<arboxamide (compound 46) (103 mq) as a white 
powder. 

M. p. 195-197°C 

1 H-NMR (200 MHz, DMSO-de) 6: 1.2-1.35 (2H, m), 1.5-1 .65 (4H, m), 2.34 (3H, s), 2.95-3.05 (2H, m) 3 42 (4H 
s), 3.5-3.7 (2H, m), 3.95-4.05 (2H, m), 4.25-4.35 (2H, m), 7.05 (1 H, d, J = 8.6), 7.2-7.4 (5H, m), 7.5-7.6 (3H, m), 7.7-7 8 
25 (3H, m), 8.88 (1 H, brs), 9.4-9.5 (1H,m),1 0.07(1 H,s). 

IK (KBr) 1647, 1630, 1518, 1491, 1321, 1264, BUcrrr 1 . 
[0326] Elemental Analysis. Calcd. for C^H^^Og . HCI • H 2 0: C, 69.71 ; H, 6.79; N, 7.87. Found: C, 69.67; H, 6.84; 
N, 7.81 . 

30 Reference Example 91 

[0327] To 7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxylic acid (1 402 mg, 5.00 mmol) dissolved in DMF 
(30 ml) were added at 0°C 1 -hydroxybenzotriazole (743 mg, 5.50 mmol), 2-[1 -(tert-butoxycarbonyl)piperidin-4-yl]ethyl- 
amine (1256 mg, 5.50 mmol) and 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (1438 mg 7 50 
35 mmol), and the resulting mixture was stirred at room temperature for 8 hours. The reaction mixture was concentrated, 
ethyl acetate (120 m!) was added to the residue and the resulting mixture was washed successively with water (30 
ml), an aqueous saturated solution of sodium bicarbonate (20 ml x 3) and an aqueous saturated solution of sodium 
chloride (20 ml). The organic layer was dried with anhydrous magnesium sulfate and was then concentrated under 
reduced pressure, and the residue was subjected to column chromatography (silica gel, ethyl acetate/hexane = 1/2 -> 
1/1 ). The objective fractions were concentrated under reduced pressure and were mixed with diisopropyl etherto collect 
an insoluble material by filtration. The insoluble material was washed with diisopropyl ether and was dried under re- 
duced pressure to obtain N-[2-[1 -(tert-butoxycarbonyl)piperidin-4-yl]ethyl]-7-(4-methylphenyl)-2,3-dihydro-1 -benzoox- 
epine-4-carboxamide (1 .64 g, 3.34 mmol, 67%). 
IR (KBr): 1694, 1674, 1653, 1617, 1539 cm* 1 . 

1 H-NMR (CDCI3) 5: 1 .0-1 .8 (7H, m), 1 .46 (9H, s), 2.39 (3H, s), 2.6-2.8 (2H, m), 2.9-3.05 (2H, m), 3 35-3 5 (2H 
m), 4.0-4.2 (2H, m), 4.25-4.35 (2H, m), 5.75-5.85 (1H, m), 7.03 (1H, d, J = 8.2 Hz), 7.16 <1H, s), 7.24 (2H, d, J = 8 0 
Hz), 7.43 (1H, dd, J = 2.5, 8.2 Hz), 7.45 (2H, d, J = B.O Hz), 7.49 (1H, d, J = 2.5 Hz). 

Example 47 (Production of compound 47) 

[0328] To N-[2-[1 -(tert-butoxycarbonyl)piperidin-4-y0ethyl]-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-car- 
boxamide (491 mg, 1 .00 mmol) was added 4 N hydrogen chloride (an ethyl acetate solution, 1 0 ml), and the resulting 
mixture was stirred at room temperature for 3 hours. The reaction mixture was concentrated under reduced pressure, 
ethyl acetate (15 ml) was added to the residue and the resulting mixture was extracted with water (10ml) and 1 N 
hydrochloric acid (5 ml x 2). The aqueous layer was adjusted to pH >11 with an 8 N aqueous solution of sodium 
hydroxide and was extracted with dichloromethane (1 5 ml x 3). The combined organic layers were dried with anhydrous 
sodium sulfate, were then concentrated under reduced pressure and were mixed with diethyl etherto collect an insol- 
uble material by filtration. The insoluble material was washed with diethyl ether and was then dried under reduced 
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pressure to obtain N^2-(4-piperidyl)ethyl]-7-(4-me%lpheny0-2,3-dih^^ (com- 
pound 47) (361 mg, 0.92 mmol, 92%). 
IR (KBr) : 1649, 1607, 1537 cnr 1 . 

1 H-NMR (CDCy 8: 1 .05-1 .8 (7H, m), 2.39 (3H, s), 2.5-2.7 (2H, m), 2.9-3.15 (4H, m), 3.35-3.5 (2H, m), 4.25-4.4 
5 (2H, m), 5.75-5.B5 (1H, m), 7.03 (1H, d, J = 8.3 Hz), 7.16 (1H, s), 7.24 (2H, d, J = 8.2 Hz), 7.43 (1H, dd, J = 2.5, 8.3 
Hz), 7.45 (2H, d, J = 8.2 Hz), 7.49 (1 H, d, J = 2.5 Hz). 

Example 48 (Production of compound 48) 

10 [0329] To N-[2-(4-piperidy0ethyQ-7-(4-methy!phenyI)-2,3-dihydro-1-benzooxepine-4-carboxamide (150 mg, 0.38 
mmol) andtetrahydropyran-4-one (38 mg, 0.38 mmol) dissolved in 1 ,2-dichloroethane (6 ml) were added sodium triac- 
etoxyborohydride (122 mg, 0.58 mmol) and acetic acid (0.022 ml, 0.38 mmol), and the resulting mixture was stirred at 
room temperature for 23 hours. The reaction mixture was mixed with a 1 N aqueous solution of sodium hydroxide (20 
ml) and was extracted with dichloromethane (20 ml, 1 0 ml x 2). The combined organic layers were dried with anhydrous 

is sodium sulfate and were concentrated under reduced pressure, and the residue was subjected to column chromatog- 
raphy (silica gel 1 5 g: dichloromethane/methanol = 1/0 ~» 9/1 ). The objective fractions were concentrated under reduced 
pressure and were mixed with diisopropyl ether to collect an insoluble material by filtration. The insoluble material was 
washed with diisopropyl ether and was dried under reduced pressure to obtain N-{2-[1 -(tetrahydropyran-4-yl)piperidin- 
4-yI]ethyl]-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxamide (compound 48) (1 1 9 mg, 0.25 mmol, 65%). 

20 |R (KBr): 1651, 1615, 1539 cm' 1 . 

1 H-NMR (CDCI 3 ) 8: 1.2-1.9 (11 H, m), 2.1-2.3 (2H, m), 2.39 (3H, s), 2.4-2.65 (1H, m), 2.9-3.1 (4H, m), 3.25-3.5 
(4H, m), 3.95-4.1 (2H, m), 4.35-4.4 (2H, m), 5.75-5.9 (1H, m), 7.03 (1H, d, J = 8.3 Hz), 7.16 (1H, s), 7.24 (2H, d, J = 
8.2 Hz), 7.43 (1H, dd, J = 2.4, 8.3 Hz), 7.45 (2H, d, J = 8.2 Hz), 7.49 (1H, d, J = 2.4 Hz). 

25 Example 49 (Production of compound 49) 

[0330] To N-[2-(4-piperidyl)ethyl] -7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxamide (150 mg, 0.38 
mmol) dissolved in DMF (4 ml) were added potassium carbonate (1 06 mg, 0.77 mmol) and benzyl bromide (0.046 ml, 
0.39 mmol), and the resulting mixture was stirred at room temperature for 20 hours. The reaction mixture was concen- 

30 trated under reduced pressure, and the residue was mixed with water (1 5 ml) and was extracted with ethyl acetate (1 5 
ml x 3). The combined organic layers were dried with anhydrous sodium sulfate and were then concentrated under 
reduced pressure, and the residue was subjected to column chromatography (silica gel 15 g, ethyl acetate/methanol 
= 1/0 -> 95/5). The objective fractions were concentrated under reduced pressure and were mixed with diisopropyl 
ether to collect an insoluble material by filtration, and the insoluble material was washed with diisopropyl ether and 

35 then was dried under reduced pressure to obtain N-[2-(1 -benzylpiperidin-4-y!)ethyl]-7-(4-methylphenyl)-2,3-dihydro- 
1 -benzooxepine-4-carboxamide (compound 49) (154 mg, 0.32 mmol, B3%). 
IR (KBr): 1651, 1615, 1537 cm" 1 . 

1 H-NMR (CDCI3) 8: 1.15-1 .8 (7H, m), 1 .85-2.1 (2H, m), 2.39 (3H, s), 2.8-3.0 (4H, m), 3.3-3.5 (2H, m), 3.50 (2H, 
s), 4.25-4.35 (2H, m), 5.7-5.85 (1H, m), 7.03 (1H, d, J = 8.5 Hz), 7.15 (1H, s), 7.2-7.35 (5H, m), 7.24 (2H, d, J = 8.0 
40 Hz), 7.43 (1 H, dd, J = 2.4, 8.5 Hz), 7.45 (2H, d, J = 8.0 Hz), 7.48 (1 H, d, J = 2.4 Hz). 

Reference Example 92 

[0331] To 7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxy lie acid (1402 mg, 5.00 mmol) dissolved in DMF 
45 (30 ml) were added at 0°C 1-hydroxybenzotriazole (743 mg, 5.50 mmol), [1-(tert-butoxycarbonyl)piperidin-4-yl]meth- 
ylamine (1393 mg, 6.50 mmol) and 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (1438 mg, 7.50 
mmol), and the resulting mixture was stirred at room temperature for 61 hours. The reaction mixture was concentrated 
under reduced pressure, ethyl acetate (100 ml) was added to the residue, and the resulting mixture was washed 
successively with water (10 ml x 3), a 10% aqueous solution of potassium hydrogensulfate (10 ml x 3), an aqueous 
50 saturated solution of sodium bicarbonate (10 mi x 3) and an aqueous saturated solution of sodium chloride (1 0 ml). 
The organic layer was dried with anhydrous magnesium sulfate and then was concentrated under reduced pressure, 
and the residue was subjected to column chromatography (silica gel 80g, ethyl acetate/hexane 1/2 -» 1/1). The objective 
fractions were concentrated under reduced pressure to obtain N-[1-(tert-butoxycarbonyl)piperidin-4-yl]methyl]- 
7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxamide (2409 mg). 
55 |R (KBr) : 1671, 1617, 1537 cm-* 1 . 

1 H-NMR (CDCI3) 8: 1 .0-1 .85 (5H, m), 1 .46 (9H, s), 2.39 (3H, s), 2.6-2.8 (2H, m), 2.9-3.05 (2H, m), 3.2-3.35 (2H, 
m), 4.0-4.25 (2H, m), 4.25-4.4 (2H, m), 5.85-6.05 (1H, m), 7.03 (1H, d, J = 8.3 Hz), 7.17 (1H, s), 7.24 (2H, d, J = 8.0 
Hz), 7.44 (1 H, dd, J = 2.3, 8.3 Hz), 7.45 (2H, d, J = 8.0 Hz), 7.49 (1 H, d, J = 2.3 Hz). 
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Example 50 (Production of compound 50) 

[0332] To N-[1-(tert-butoxycarbony0piperidin^-y!Jmethyl-7-(4-methylphenyl)-2,3-dihydro-1-b 

boxamide (1430 mg, 3.00 mmol) was added 4 N hydrogen chloride (an ethyl acetate solution, 50 ml), and the resulting 

mixture was stirred at room temperature for 13 hours. The reaction mixture was concentrated under reduced pressure, 

ethyl acetate (50 m!) was added to the residue, and an insoluble material was collected by filtration. The insoluble 

material was washed with ethyl acetate and then was dried under reduced pressure to obtain N-(4-piperidylmethyl)- 

7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxamide hydrochloride (compound 50) (1195 mg, 2.89 mmol 

96%). 

I R (KBr) : 1 647, 1 609, 1 535 crrr 1 . 

1 H-NMR (DMSO-d 6 ) 8: 1 .2-1 .55 (2H, m), 1 .65-1 .95 (3H, m) t 2.34 (3H, s), 2.65-2.95 (4H, m), 3.05-3.35 (4H, m), 
4.15-4.3 (2H, m), 7.02 (1H, d, J = 8.4 Hz), 7.26 (1H, s), 7.26 (2H, d, J = 8.1 Hz), 7.51 (1H, dd, J = 2.2, 8.4 Hz), 7.55 
(2H, d, J = 8.1 Hz), 7.67 (1H, d, J = 2.2 Hz), 8.15-8.3 (1H, m). 

Example 51 (Production of compound 51 ) 

[0333] To N-(4-piperidylmethyl)-7-(4-methy!pheny!)-2,3-dihydro-1 -benzooxepine-4-carboxamide hydrochloride (250 
mg, 0.61 mmol) suspended in 1 ,2-dichloroethane (10 ml were added successively triethylamine (0.1 01 ml, 0.72 mmol), 
tetrahydropyran-4-one (0.067 ml, 0.73 mmol), sodium triacetoxyborohydride (205 mg, 0.97 mmol) and acetic acid 
(0.042 ml, 0.73 mmol), and the resulting mixture was stirred at room temperature for 23 hours. The reaction mixture 
was mixed with a 1 N aqueous solution of sodium hydroxide (10 ml) and was extracted with dichloromethane (10 ml 
x 3). The combined organic layers were dried with anhydrous sodium sulfate and were concentrated under reduced 
pressure, and the residue was subjected to column chromatography (silica gel 15 g, dichloromethane/methanol = 1/0 
-» 9/1). The objective fractions were concentrated under reduced pressure and were mixed with diisopropyl ether to 
collect an insoluble material by filtration. The insoluble material was washed with diisopropyl ether and then was dried 
under reduced pressure to obtain N-[1-(tetrahydropyran-4-yl)piperidin^-yI]methyl-7-(4methylphenyl)-2 l 3-dihydro- 
1-benzooxepine-4-carboxamlde (compound 51) (183 mg, 0.40 mmol, 66%). 
IR (KBr): 1651, 1615, 1537 cm" 1 . 

1 H-NMR (CDCI 3 ) 5: 1 .2-1 .9 (9H, m), 2.15-2.3 (2H, m), 2.39 (3H, s), 2.45-2.65 (1H, m), 2.9-3.1 (4H, m), 3 2-3 45 
(4H, m), 3.95-4.1 (2H, m), 4.25-4.35 (2H, m), 5.9-6.05 (1H, m), 7.03 (1H, d, J = 8.4 Hz), 7.18 (1H, s), 7.24 (2H, dJ = 
8.2 Hz), 7.43 (1 H, dd, J = 2.4, 8.4 Hz), 7.45 (2H, d, J = 8.2 Hz), 7.50 (1 H, d, J = 2.4 Hz). 

Reference Example 93 

[0334] To 7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxylic acid (1 402 mg, 5.00 mmol) dissolved in DMF 
(30 ml) were added at 0°C 1 -hydroxybenzotriazole (743 mg, 5.50 mmol), 3-[1-(tert-butoxycarbonyl)piperidin-4-yl]pro- 
pylamine (1333 mg, 5.50 mmol) and 1-[3-(dimethyiamino)propyl]-3-ethylcarbodiimide hydrochloride (1438 mg, 7.50 
mmol), and the resulting mixture was stirred at room temperature for 1 8 hours. The reaction mixture was concentrated 
under reduced pressure, ethyl acetate (100 ml) was added to the residue and the resulting mixture was washed suc- 
cessively with water (10x3 ml), a 10% aqueous solution of potassium hydrogensulfate (10 ml x 3), an aqueous 
saturated solution of sodium bicarbonate (10 ml x 3) and an aqueous saturated solution of sodium chloride (10 mi). 
The organic layer was dried with anhydrous magnesium sulfate and was then concentrated under reduced pressure, 
and the residue was subjected to column chromatography (silica gel 80g, ethyl acetate/hexane = 1/3 -» 1/1)]. The 
objective fractions were concentrated under reduced pressure to obtain N-[3-[1 -(tert-butoxycarbonyl)piperidin-4-yl)pro- 
pyl]-7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxamide (2498 mg, 4.95 mmol 99%) 
IR (KBr): 1694, 1671, 1653, 1620, 1537 cm- 1 . 

1 H-NMR (CDCI 3 ) 5: 0.9-1.8 (9H, m), 2.39 (3H, s), 2.55-2.8 (2H, m), 2.9-3.0 2H, m), 3.3-3.45 (2H, m), 4.0-4.15 
(2H, m), 4.25-4.4 (2H f m), 5.8-5.9 (1H, m), 7.03 (1H, d, J = 8.2 Hz), 7.16 (1H, s), 7.24 (2H, d, J = 8.0 Hz) 7 43 (1H 
dd, J = 2.3, 8.2 Hz), 7.45 (2H, d, J = 8.0 Hz), 7.49 (1 H, d, J = 2.3 Hz). 

Example 52 (Production of compound 52) 

[0335] To N-[3-[1- (tert-butoxycarbonyI)piperidin-4-yl] propyl]-7-(4-methylphenyl) -2,3-dihydro-1-benzooxepine- 
4-carboxamide (1514 mg, 3.00 mmol) was added 4 N hydrogen chloride (an ethyl acetate solution, 50 ml), and the 
resulting mixture was stirred at room temperature for 16 hours. The reaction mixture was concentrated under reduced 
pressure, and the residue was mixed with ethyl acetate (50 ml) to collect an insoluble material by filtration. The insoluble 
material was washed with ethyl acetate and was then dried under reduced pressure to obtain N-[3-(4-piperidyl)propyl]- 
7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxamide hydrochloride (compound 52) (1286 mg, 2.92 mmol, 
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97%). 

IR (KBr) : 1647, 1599, 1545 cm* 1 . 

1 H-NMR (DMSO-de) 6: 1.1-1.9 (9H P m), 2.34 (3H, s), 2.7-2.95 (4H, m), 3.05-3.4 (4H, m), 4.15-4.3 (2H, m), 7.02 
(1 H, d, J = 8.4 Hz), 7.24 (1 H, s), 7.26 (2H, d, J = 8.0 Hz), 7.51 (1 H, dd, J » 2.2, 8.4 Hz), 7.55 (2H, d, J = 8.0 Hz), 7.64 
5 (1 H, d, J = 2.2 Hz), 8.0-8.15 (1H, m). 

Example 53 (Production of compound 53) 

[0336J To N-[3-(4-piperidyI)propyl]-7-(4-methylphenyI)-2,3-dihydro-1 -benzooxepine-4-carboxamide hydrochloride 
(250 mg, 0.57 mmol) suspended in 1 ,2-dichloroethane (1 0 ml) were added successively triethylamtne (0.095 ml, 0.68 
mmol), tetrahydropyran-4-one (0.084 ml, 0.91 mmol), sodium triacetoxyboro hydride (192 mg, 0.91 mmol) and acetic 
acid (0.039 ml, 0.68 mmol), and the resulting mixture was stirred at room temperature for 16 hours. The -reaction 
mixture was mixed with a 1 N aqueous solution of sodium hydroxide (1 0 ml) and was extracted with dichloromethane 
(1 0 ml x 3). The combined organic layers were dried with anhydrous sodium sulfate and were then concentrated under 
reduced pressure, and the residue was subjected to column chromatography (silica gel 15 g, dichloromethane/methanol 
= 1 /o 9/1 ). The objective fractions were concentrated under reduced pressure and were mixed with diisopropyl ether 
to collect an insoluble material by filtration. The insoluble material was washed with diisopropyl ether and were then 
dried under reduced pressure to obtain N-[3-{1-(4-tetrahydropyranyl)piperidin-4-yl]propy!]-7-(4-methylphenyl)-2,3-di- 
hycro-1-benzooxepine-4-carboxamide (compound 53) (198 mg, 0.41 mmol, 71%). 
IR (KBr) : 1649, 1605, 1541 cm' 1 . 

1 H-NMR (CDCI3) 5: 1 .15-1 .9 (13H, m), 2.05-2.3 (2H, m), 2.39 (3H, s), 2.4-2.65 (1H, m), 2.9-3.1 (4H, m), 3.25-3. 
5 (4H, m), 3.95-4.1 (2H, m), 4.25-4.4 (2H, m), 5.8-5.95 (1H, m), 7.03 (1H, d, J = 8.3 Hz), 7.16 (1H, s), 7.24 (2H, d, J = 
8.2 Hz), 7.43 (1 H, dd, J = 2.3, 8.3 Hz), 7.45 (2H, d, J = 8.2 Hz), 7.49 (1 H, d, J = 2.3 Hz). 

25 Reference Example 94 

[0337] To 7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxylic acid (1 .0 g) suspended in dichloromethane 
(14 ml) were added under ice cooling oxalyl chloride (0.93 ml) and DMF (one drop), and the resulting mixture was 
stirred at room temperature for 1 .5 hours. After the reaction mixture was evaporated to remove the solvent, the residue 
dissolved in THF (20 ml) was added dropwise into a solution of 1 -(t-butoxycarbonyl)piperidine (1 .4 g) and triethylamtne 
(1 .5 ml) in tetrahydrofuran (10 ml) under ice cooling. The resulting mixture was stirred at room temperature overnight 
under a nitrogen atmosphere. The reaction mixture was evaporated to remove the solvent, was mixed with water and 
was extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated solution of 
sodium chloride and then was dried with anhydrous magnesium sulfate. The resulting organic layer was evaporated 
to remove the solvent to obtain crude crystals. The crude crystals were recrystallized from ethyl acetate/hexane to 
obtain N-[1 -(t-butoxycarbonyl)piperidin-4-yl]-7-(4-methyiphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxaitiide (1 .54 g) 
as colorless prisms. 
M. p. 205-20B°C 

1 H-NMR (5 ppm, CDCI3) 1.37-1.42 (2H, m), 1.47 (9H, s), 1.96-2.04 (2H, m), 2.39 (3H, s), 2.84-2.98 (4H, m), 
3.99-4.11 (3H, m), 4.31 (2H, t, J = 4.7 Hz), 5.72 (1H, d, J = 7.4 Hz), 7.03 (1H, d, J = 8.4 Hz), 7.13 (1H, s), 7.24 (2H, d, 
J = 9.2 Hz), 7.41-7.49 (4H, m). 

IR (KBr) v: 2976, 1694 crrr 1 . 
[0338] Anal. Calcd. for C^H^N^: C, 72.70; H, 7.41 ; N, 6.06. Found: C, 72.51 ; H, 7.20; N, 6.20. 

45 Reference Example 95 

[0339] To cyclooctanone (4.07 g) and p-toluenesutfonyl hydrazide (6 g) suspended in methanol (40 ml) was added 
hydrochloric acid (1 ml), and the resulting mixture was stirred at room temperature for 3 days. The reaction mixture 
was concentrated, and the precipitated crystals were collected by filtration and were washed with methanol, hexane 
so and diethyl ether to obtain cyclooctanone p-toluenesulfonyl hydrazone (7.29 g) as colorless crystals. 
M. p. 140-143°C 

1 H-NMR (8 ppm, CDCI3) 1.10-1.25 (2H, m), 1.35-1.45 (4H, m), 1.55-1.73 (4H, m), 1.88 (1H, br), 2.19-2.35 (4H, 
m), 2.42 (3H, s), 7.30 (2H, d, J = 8.3 Hz), 7.84 (2H, d, J = 8.3 Hz). 
IR (KBr) v: 3221 , 2926, 2857 crrr 1 . 
55 [0340] Anal. Calcd. for C^H^NgOjjs: C, 61 .19; H, 7.53; N, 9.52. Found: C, 61 .22; H, 7.31 ; N, 9.66. 
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Reference Example 96 

[0341J To cyclooctanone p-toluenesulfonyl hydrazone (4.5 g) suspended in N,N,N\N'-tetraethylenediamine (46 ml) 
was added dropwise at -55°C a 1 .6 M solution of n-butyllithium in hexane (38 ml). The resulting mixture was stirred at 
room temperature for 30 minutes under an argon atmosphere, was then cooled with ice, was mixed with DMF (5.9 ml) 
and was stirred at room temperature for one hour. The reaction mixture was poured into water and was extracted with 
ethyl acetate. The organic layer was washed with 1 N hydrochloric acid, water and an aqueous saturated solution of 
sodium chloride, and was then dried with anhydrous magnesium sulfate. The resulting organic layer was evaporated 
under reduced pressure to remove the solvent. The residue was subjected to purification using a silica gel column 
(ethyl acetate : hexane = 1 : 9) to obtain cyclooctene-1 -carbaldehyde (1 .5 g) as a light yellow oil. 

1 H-NMR (6 ppm, CDCI 3 ) 1.39-1.69 (8H, m), 2.38-2.52 (4H, m), 6.72 (1H, t, J = 8.3 Hz), 9.41 (1H, s). 

IR (neat) v: 2932, 2859, 1675 cm-1. 

Reference Example 97 

[0342] To cyclononanone (1.36 g) and p-toluenesulfonyl hydrazide (1.81 g) suspended in methanol (12 ml) was 
added hydrochloric acid (0.3 ml), and the resulting mixture was stirred at room temperature overnight. The reaction 
mixture was evaporated to remove the solvent, and the precipitated crystals were collected by filtration and were 
washed with cold methanol, and diethyl ether-hexane to obtain cyclononanone p-toluenesulfonyl hydrazone (2.29 g) 
as colorless crystals. 
M. p. 135-138°C 

1 H-NMR (5 ppm, CDCI 3 ) 1 .00-1.10 (2H, m), 1.10-1.25 (2H, m), 1.38-1.76 (8H, m), 2.18-2.24 (2H, m), 2.28-2 34 
(2H, m), 2.41 (3H, s), 7.30 (2H, d, J = 8.0 Hz), 7.32 (1H, br), 7.85 (2H, d, J = 8.0 Hz). 
IR (KBr)v: 3223, 2922 cm-"". 

Anal. Calcd. for C 16 H 24 N 2 0 2 S: C, 62.30; H, 7.84; N, 9.08. Found: C, 62.42; H, 7.66; N, 9.21 
Reference Example 98 

[0343] To cyclononanone p-toluenesulfonyl hydrazone (2.0 g) suspended in N.N.N'.N'-tetraethylenediamine (20 ml) 
was added dropwise at -55°C a 1.6 M solution of n-butyllithium in hexane (16.2 ml). The resulting mixture was stirred 
at room temperature for 30 minutes under an argon atmosphere, was then cooled with ice, was mixed with DMF (2.5 
ml) and was stirred at room temperature for one hour. The reaction mixture was poured into ice water and was extracted 
with ethyl acetate. The organic layer was washed with 1 N hydrochloric acid, water and an aqueous saturated solution 
of sodium chloride, and was then dried with anhydrous magnesium sulfate. The resulting organic layer was evaporated 
under reduced pressure to remove the solvent. The residue was subjected to purification using a silica gel column 
(ethyl acetate : hexane = 1 : 10) to obtain cyclononene-1 -carbaldehyde (0.7 g) as a light yellow oil. 

1 H-NMR (6 ppm, CDCI3) : 1 .35-1 .60 (8H, m), 1.60-1 .75 (2H, m), 2.36-2.54 (4H, m), 6.61 (1H, t, J = 8.8 Hz), 9.41 
(1H, s). 

I R (neat) v: 2928, 2857, 1684 cnr 1 . 
Example 54 (Production of compound 54) 

[0344] To N-[1 -(t-butoxycarbonyl)piperidin-4-yl]-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxamide 
(1 .56 g) dissolved in ethyl acetate (100 ml) was added 4 N hydrochloric acid/ethyl acetate (25 ml), and the resulting 
mixture was stirred at room temperature overnight. The reaction mixture was mixed with a 1 N aqueous solution of 
sodium hydroxide and was extracted with ethyl acetate. The organic layer was washed with water and an aqueous 
saturated solution of sodium chloride, and then was dried with anhydrous magnesium sulfate. The resulting organic 
layer was evaporated under reduced pressure to remove the solvent to obtain N-(4-piperidinyl)-7-(4-methylphenyI)- 
2,3-dihydro-1 -benzooxepine-4-carboxamide (compound 54) (1 .1 g) as colorless prisms 
M. p. 183-185°C 

1 H-NMR (5 ppm, CDCl 3 ) 1 .31-1 .50 (2H, m), 1 .98-2.06 (2H, m), 2.39 (3H, s), 2.75 (2H, dt, J = 2.6, 12 0 Hz) 2 97 
(2H, t, J = 4.5 Hz), 3.12 (2H, dt t J = 12.8, 3.4 Hz), 3.90-4.10 (1H, m), 4.32 (2H, t, J = 4.5 Hz), 5.75 (1H, d J = 8 2 Hz) 
7.03 (1H, d, J = 8.2 Hz), 7.14 (1H, s), 7.24 (2H t d, J = 8.0 Hz), 7.40-7.50 (4H, m). 

IR (KBr) v: 3299, 2938, 1 651 cm\ 

Anal. Calcd. for C^H^N^O^ H 2 0: C, 75.46; H, 7.27; N, 7.65. Found: C, 75.49; H, 7.15; N, 7.56. 
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Example 55 (Production of compound 55) 

[0345] To N-(4-piperidinyl)-7-(4-methyIphenyl)-2,3-dihydro-1-benzooxepine-4-carboxamide (0.15 g) and cyclohex- 
ane carbaldehyde (0.056 g) dissolved in 1 ,2-dichloroethane (10 ml) was added sodium triacetoxyborohydride (0.13 g) 

5 under ice cooling, and the resulting mixture was stirred at room temperature overnight under a nitrogen atmosphere. 
The reaction mixture was neutralized with a 1 N aqueous solution of sodium hydroxide, was then concentrated and 
was extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated solution of 
sodium chloride, and was then dried with anhydrous magnesium sulfate. The resulting organic layer was evaporated 
under reduced pressure to remove the solvent to obtain crude crystals. The crude crystals were recrystallized from 

10 ethyl acetate/hexane to obtain N-(1 <yclohexytmethylpiperidin-4-y0-7-(4-methylphenyl)-2 l 3-dihydro-1 -benzooxepine- 
4-carboxamide (compound 55) (0.13 g) as colorless prisms. 
M. p. 180-1 81 °C 

1 H-NMR (6 ppm, CDCI3) 0.80-1 .00 (2H, m), 1.10-1.17 (4H, m), 1.40-1.80 (7H, m), 1.95-2.14 (4H, m), 2.16(2H, 
d, J = 7.0 Hz), 2.39 (3H, s), 2.81-2.88 (2H, m), 2.96 (2H, t, J = 4.5 Hz), 3.80-4.00 (1H, m), 4.31 (2H, t, J = 4.5 Hz), 5.74 
15 (1H, br), 7.02 (1H, d, J = 8.4 Hz), 7.14 (1H, s), 7.24 (2H, d, J = 8.8 Hz), 7.36-7.50 (4H, m). 

IR (KBr) v: 2924, 2851, 1651 cm' 1 . 
[0346] Anal. Cated. for C 30 H 38 N 2 O 2 : C, 78.56; H, 8.35; N, 6.11. Found: C, 78.31; H, 8.17; N, 6.16. 

Example 56 (Production of compound 56) 

20 

[0347] To N-(4-piperidiny0-7-(4-methylpheny0-2,3-dihydro-1-benzooxepine-4-carboxamide (0.15g) and tetrahydro- 
4H-pyran-4-one (0.06 g) dissolved in 1 ,2-dichloroethane (7 ml) was added under ice cooling sodium triacetoxyboro- 
hydride (0.13 g), and the resulting mixture was stirred at room temperature overnight under a nitrogen atmosphere. 
The reaction mixture was neutralized with a 1 N aqueous solution of sodium hydroxide, was then concentrated and 

25 was extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated solution of 
sodium chloride, and was then dried with anhydrous magnesium sulfate. The resulting organic layer was evaporated 
under reduced pressure to remove the solvent to obtain crude crystals. The crude crystals were recrystallized from 
ethyl acetate/hexane to obtain N-(1-(tetrahydropyran-4-yl)piperidin-4-yl)-7-(4-methylphenyl)-2,3-dihydro-1-benzoox- 
epine-4-carboxamide (compound 56) (0.13 g) as colorless prisms. 

so M. p. 199-204°C (dec.) 

1 H-NMR (6 ppm, CDCI3) 1.40-1.80 (6H, m), 2.00-2.15 (2H, m), 2.25-2.39 (2H, m), 2.39 (3H, s), 2.43-2.55 (1H, 
m), 2.90-3.00 (4H, m), 3.28 (2H, dt, J = 1.8, 11 .6 Hz), 3.80-4.00 (1H, m), 4.00-4.10 (2H, m), 4.31 (2H, t, J = 4.7 Hz), 
5.72 (1H, d, J = 9.2 Hz), 7.03 (1H, d, J = 8.0 Hz), 7.14 (1H, s), 7.24 (2H, d, J = 9.2 Hz), 7.40-7.50 (4H, m). 
IR (KBr) v: 3287, 2951 , 1651 cm* 1 . 

35 [0348] Anal. Calcd. for C2 8 H34N 2 O 3 -0.2 H 2 0: C, 74.70; H, 7.70; N, 6.22. Found: C, 74.90; H, 7.89; N, 6.39. 

Example 57 (Production of compound 57) 

[0349] To N-(4-piperidinyl)-7-(4-rnethylphenyl)-2,3-dihydro-1-ben200xepine-4-carboxamide (0.15 g) and cy- 
40 clooctene-1-calbaldehyde (0.08 g) dissolved in 1 ,2-dichloroethane (10 ml) was added sodium triacetoxyborohydride 
(0.12 g) under ice cooling, and the resulting mixture was stirred at room temperature overnight under a nitrogen at- 
mosphere. The reaction mixture was neutralized with a 1 N aqueous solution of sodium hydroxide, was then concen- 
trated and was extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated 
solution of sodium chloride, and was then dried with anhydrous magnesium sulfate. The resulting organic layer was 
45 evaporated under reduced pressure to remove the solvent. The residue was subjected to purification using a silica gel 
column (ethyl acetate) to obtain crude crystals. The crude crystals were recrystallized from ethyl acetate/diethyl ether/ 
hexane to obtain N-(1 -(cycioocten-1 -yl)methylpiperidin-4-yl)-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-car- 
boxamide (compound 57) (0.11 g) as colorless prisms. 
M. p. 148-151°C 

50 1 H-NMR (6 ppm, CDCl 3 ) 1 .48-1.65 (10H, m), 1 .69-2.20 (8H, m), 2.39 (3H, s), 2.78-2.84 (4H, m), 2.96 (2H, t, J = 

4.6 Hz), 3.80-4.00 (1H, m), 4.31 (2H, t, J = 4.6 Hz), 5.49 (1H, t, J = 8.0 Hz), 5.72 (1H, d, J = 7.8 Hz), 7.03 (1H, d, J = 
8.2 Hz), 7.14 (1H, s), 7.24 (2H, d, J =8.8 Hz), 7.40-7.50 (4H, m). 

IR (KBr) v: 3295, 2924, 1647, 1609 crrr 1 . 
[0350] Anal. Calcd. for C^H^NgO;,: C, 79.30; H, 8.32; N, 5.78. Found: C, 79.02; H, 8.12; N, 5.71 . 

55 

Example 58 (Production of compound 58) 

[0351] To N-(4-piperidinyl)-7-(4-methylphenyl)-2,3-dihydro-1-ben20oxepine-4-carboxamide (0.15 g) and benzalde- 
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hyde (0.05 g) dissolved in 1 ,2-dichloroethane (1 0 ml) was added under ice cooling sodium triacetoxyborohydride (0.12 
g), and the resulting mixture was stirred at room temperature overnight under a nitrogen atmosphere. The reaction 
mixture was evaporated to remove the solvent, was neutralized with a 1 N aqueous solution of sodium hydroxide and 
was extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated solution of 
sodium chloride, and then was dried with anhydrous magnesium sulfate. The resulting organic layer was evaporated 
under reduced pressure to remove the solvent to obtain crude crystals. The crude crystals were recrystallized from 
ethyl acetate/hexane to obtain N-(1 -benzylpiperidin-4-yl).7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxa- 
mide (compound 58) (0.17 g) as colorless prisms. 
M. p. 161-162°C (dec.) 

1 H-NMR (5 ppm, CDCI3) 1 .45-1 .60 (2H, m), 1 .95-2.05 (2H, m) t 2.18 (2H, t, J = 11 .5 Hz), 2.39 (3H, s), 2.83-2 89 
(2H, m), 2.96 (2H, t, J = 4.7 Hz), 3.53 (2H, s), 3.80-4.00 (1 H, m), 4.31 (2H, t, J = 4.7 Hz), 5.71 (1 H, d, J = 8.0 Hz), 7 03 
(1 H, d, J = 8.4 Hz), 7.13 (1 H, s), 7.22-7.30 (3H, m), 7.32-7.34 (4H, m), 7.40-7.50 (4H, m). 

IR (KBr) v: 3250, 2942, 1649, 1609 cm' 1 . 
[0352] Anal. Calcd. for C3 0 H 32 N 2 O 2 .0.2 H 2 0: C, 78.99; H, 7.16; N, 6.14. Found: C, 78.97; H, 7.10; N, 6.20. 

Example 59 (Production of compound 59) 

[0353] To N-(4-piperidiny!)-7-{4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxamide (0.15 g) and cyclonon- 
ene-1 -calbaldehyde (0.085 g) dissolved -in 1 ,2-dichloroethane (1 0 ml) was added under ice cooling sodium triacetoxy- 
borohydride (0.12 g), and the resulting mixture was stirred at room temperature overnight under a nitrogen atmosphere. 
The reaction mixture was evaporated to remove the solvent, was neutralized with a 1 N aqueous solution of sodium 
hydroxide, was then concentrated and was extracted with ethyl acetate. The organic layer was washed with water and 
an aqueous saturated solution of sodium chloride, and was then dried with anhydrous magnesium sulfate. The resulting 
organic layer was evaporated under reduced pressure to remove the solvent. The residue was subjected to purification 
using a silica gel column (ethyl acetate) to obtain crude crystals. The crude crystals were recrystallized from ethyl 
acetate/hexane to obtain N-(1-(cyclononen-1-yl)methylpi P eridln-4-yl) -7-(4-methylphenyl)-2,3-dihydro-1-benzoox- 
epine-4-carboxamide (compound 59) (0.08 g) as colorless prisms. 
M. p. 128-130°C 

1 H-NMR (6 ppm, CDCI 3 ) 1.46-1 .67 (12H, m), 1.96-2.25 (8H, m), 2.39 (3H, s), 2.75-2.85 (2H, m), 2 84 (2H s) 
2.96 (2H, t, J = 4.5 Hz), 3.80^.00 (1H, m), 4.31 (2H, t, J = 4.5 Hz), 5.43 (1H, t, J = 8.6 Hz), 5.74 (1H, d, J = 8 0 Hz)' 
7.03 (1 H, d, J = 8.4 Hz), 7.14 (1H, s), 7.24 (2H, d, J =8.8 Hz), 7.40-7.50 (4H, m). 

IR (KBr) v: 3299, 2926, 1 647, 1 609 cm' 1 . 
[0354] Anal. Calcd. for CaaH^N^: C, 79.48; H, 8.49; N, 5.62. Found: C, 79.60; H, 8.44; N, 5.61 . 

Example 60 (Production of compound 60) 

[0355] To N-(4-piperidinyl)-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine^-carboxamide (0.1 5 g) and cyclohexy- 
lactaldehyde (0.07 g) dissolved in 1 ,2-dichloroethane (1 0 ml) was added under ice cooling sodium triacetoxyborohy- 
dride (0.12 g), and the resulting mixture was stirred at room temperature overnight under a nitrogen atmosphere. The 
reaction mixture was evaporated to remove the solvent, was mixed with a 1 N aqueous solution of sodium hydroxide 
and was extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated solution of 
sodium chloride, and was then dried with anhydrous magnesium sulfate. The resulting organic layer was evaporated 
under reduced pressure to remove the solvent to obtain crude crystals. The crude crystals were recrystallized from 
ethyl acetate/hexane to obtain N-(1-(2-cyclohexylethyl)piperidin-4-yl)-7-(4-methylphenyl)-2,3-dihydro-1-benzoox- 
epine-4-carboxamide (compound 60) (0.16 g) as colorless prisms. 
M. p. 193-196°C 

1 H-NMR (5 ppm, CDCI 3 ) 0.80-1.00 (2H, m), 1.10-1.50 (6H, m), 1.50-1.74 (7H, m), 1.95-2.19 (4H, m), 2.34-2 42 
(2H, m), 2.39 (3H, s), 2.86-2.98 (4H, m), 3.80-4.00- (1H, m), 4.32 (2H, t, J = 4.7 Hz), 5.74 (1H, d, J = 7 6 Hz) 7 03 
(1 H, d, J = 8.4 Hz), 7.14 (1 H, s), 7.25 (2H, d, J =9.2 Hz), 7.40-7.51 (4H, m). 

IR (KBr) v: 3287, 2924, 2851 , 1651 cm^. 
[0356] Anal. Calcd. for C^H^Og: C, 78.77; H, 8.53; N, 5.93. Found: C, 78.76; H, 8.42; N, 6.05. 

Example 61 (Production of compound 61 ) 

[0357] To N-(4-piperidinyl)-7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxamide (0.13 g) and a 37% 
aqueous solution of formaldehyde (0.04 ml) suspended in 1 ,2-dichloroethane (5 ml) was added under ice cooling 
sodium triacetoxyborohydride (0.11 g), and the resulting mixture was stirred at room temperature overnight under a 
nitrogen atmosphere. The reaction mixture was evaporated to remove the solvent, was then neutralized with a 1 N 



84 



EP 1 182 195 A1 



aqueous solution of sodium hydroxide and was extracted with ethyl acetate. The organic layer was washed with water 
and an aqueous saturated solution of sodium chloride, and was then dried with anhydrous magnesium sulfate. The 
resulting organic layer was evaporated under reduced pressure to remove the solvent to obtain crude crystals. The 
crude crystals were recrystallized from ethyl acetate/hexane to obtain N-(1-methylpiperidin-4-yl)-7-(4-methytphenyl)- 
5 2,3-dihydro-1-benzooxepine-4-carboxamide (compound 61) (0.11 g) as colorless prisms. 
M. p. 180-182°C 

1 H-NMR (5 ppm, CDCI3) 1 .47-1.64 (2H, m), 1 .99-2.10 (2H, m), 2.16 (2H, dt, J = 2.2, 11 .5 Hz), 2.31 (3H, s), 2.39 
(3H, s), 2.81-2.87 (2H, m), 2.96 (2H, t, J = 4.6 Hz), 3.83-3.94 (1H, m), 4.32 (2H, t, J = 4.6 Hz), 5.72 (1H, d, J = 6.8 Hz), 
7.03 (1H, d, J = 8.6 Hz), 7.14 (1H, s), 7.24 (2H, d, J =92 Hz), 7.40-7.51 (4H, m). 
10 |R (KBr) v: 3287, 2940, 1 647, 1607 cm-1. 

[0358] Anal. Calcd. for C 24 H 28 N 2 O 2 0.1 H 2 0: C, 76.20; H, 7.51 ; N, 7.41 . Found: C, 76.19; H, 7.53; N, 7.38. 

Reference Example 99 

is [0359] Into a solution of 2-bromoethylamine hydrobromide (5.0 g) and potassium carbonate (5.06 g) in THF/water 
(20/5 ml) was added at 0°C benzyl chloroformate (4.1 6 g), and the resulting mixture was stirred at room temperature 
for 16 hours. The reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was 
washed with an aqueous saturated solution of sodium chloride and was dried with anhydrous magnesium sulfate. The 
resulting organic layer was evaporated under reduced pressure to obtain benzyl 2-bromoethylcarbamate (7.32 g). A 

20 solution of benzyl 2-bromoethylcarbamate (7.23 g), tert-butyl 4-piperidinyl-carbamate formic acid salt (4.63 g) and 
triethylamine (8 ml) in acetonitrile (30 ml) was heated at reflux for 24 hours. After the reaction mixture was concentrated 
under reduced pressure, water was added to the residue, and the resulting mixture was extracted with ethyl acetate. 
The organic layer was washed with an aqueous saturated solution of sodium chloride and was dried with magnesium 
sulfate. After concentration under reduced pressure, the residue was subjected to purification using column chroma- 

25 tography (ethyl acetate/hexane) to obtain benzyl 2-[4-(tert-butoxycarbonylamino)piperidin-1 -yl]ethylcarbamate (5.5 g) 
as colorless crystals. 

1H-NMR (200 MHz, CDCI3) 5 1.22-1.43 (2H, m), 1.44 (9H, s), 1.84-1.97 (2H, m), 2.01-2.16 (2H, m), 2.39-2.49 
(2H, m), 2.71-2.85 (2H, m), 3.23-3.35 (2H, m), 3.36-3.54 (1H, m), 4.29-4.54 (1H, m), 5.10 (2H, s), 5.18-5.32 (1H, m), 
7.29-7.42 (5H, m). 

30 

Reference Example 100 

[0360] A mixture of benzyl 2-[4-(tert-butoxycarbonylamino)piperidin-1-yl]ethylcarbamate (3.0 g), Pd-C (0.3 g), and 
ethanol (1 00 m!) was stirred vigorously for 3 days under a hydrogen atmosphere. Pd-C was removed by filtration, and 
35 the filtrate was concentrated under reduced pressure to obtain tert-butyl 1 -(2-aminoethyl)-4-piperidinylcarbamate (2.4 
g) as a colorless oily substance. 

1 H-NMR (200 MHz, CDCI 3 ) 5 1 .28-1 .46 (2H, m), 1 .45 (9H, s), 1 .84-2.00 (2H, m), 2.02-2.15 (2H, m), 2.39 (2H, t, 
J = 6.3 Hz), 2.67-2.88 (4H, m), 3.30-3.56 (1H, m), 4.36-4.57 (1H, m). 

40 Reference Example 101 

[0361] Into a solution of tert-butyl 1-(2-aminoethyl)-4-piperidinylcarbamate (2.4 g) and tetrahydro-4H-pyran-4-one 
(0.79 g) in dichloroethane (35 ml) was added at room temperature sodium triacetoxyborohydride (2.19 g), and the 
resulting mixture was stirred for 2.5 hours. To the reaction mixture were added 37% formalin (0.65 g) and sodium 

45 triacetoxyborohydride (2. 1 9 g), and the resulting mixture was stirred for 64 hours. The reaction mixture was mixed with 
an aqueous solution of sodium bicarbonate and was extracted with chloroform. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. The resulting organic layer was 
concentrated under reduced pressure to obtain tert-butyl 1-[2-[N-methyl-N-(tetrahydropyran-4-yl)aminoJethyl]-4-pipe- 
ridinylcarbamate (2.72 g) as a yellow oil. 

so [0362] Into a solution of tert-butyl 1 -[2-{N-methyl-N-(tetrahydropyran-4-yl)amino]ethyl]-4-piperidinylcarbamate (2.72 
g) in ethanol (30 ml) was added concentrated hydrochloric acid (10 ml), and the resulting mixture was stirred for 7 
hours. After the reaction mixture was concentrated under reduced pressure, ethanol and methanol are added to the 
residue, and the resulting mixture was concentrated further. The precipitate was collected by filtration and was washed 
with ethanol and methanol to obtain 4-amino-1-[2-[N-methyl-N-(tetrahydropyran-4-yl)aminolethyl]piperidine dihydro- 

55 chloride (1 .65 g) as a light yellow powder. 

1 H-NMR (200 MHz, DMSO-ds) 5 1 .64-2.30 (8H, m), 2.76 (3H, s), 2.96-3.84 (12H, m), 3.90-4.06 (2H, m), 8.30-8.54 
(1H,m). 
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Example 62 (Production of compound 62) 

[0363] Into a solution of 7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carboxylic acid (1 50 mg) and 1 -hydroxy- 
benzotriazole (0.14 g) in acetonitrile (10 ml) was added at room temperature 1-ethyl-3-(3'-dimethylaminopropyl)carbo- 
diimide hydrochloride (0.20 g), and the resulting mixture was stirred for one hour. Into the reaction mixture was added 
a solution of 4-amino-1 -[2-[N-methyi-N-(tetrahydropyran-4-yl)amino]ethyl]piperidine dihydrochioride (282 mg), triethyl- 
amine (0.15 ml) and diazabicyclo[5,4,0]-7-undecene (0.37 g) in acetonitrile (15 ml), and the resulting mixture was 
stirred for 18 hours. After the reaction mixture was concentrated under reduced pressure, water was added to the 
residue and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous 
saturated solution of sodium chloride and was dried with magnesium sulfate. The resulting organic layer was evaporated 
to remove the solvent, and then the residue was subjected to purification using column chromatography (triethylamine/ 
ethanol/ethyl acetate 1 : 10 : 10) and further to recrystallization (ethyl acetate/hexane) to obtain 7-(4-methylpheny!) 
-N-[H2-[N-me%l-N-(tetrahydropy^ 
(compound 62) (99 mg) as colorless crystals. 

1 H-NMR (200 MHz, CDCi 3 ) 5 1.51-1.87 (8H, m), 1.95-2.08 (2H, m), 2.17-2.32 (2H, m), 2.34 (3H, s), 2.39 (3H 
s), 2.52-2.76 (4H, m), 2.89-3.04 (3H, m), 3.29-3.44 (2H, m), 3.80-4.10 (3H, m), 4.32 (2H, t, J = 4.8 Hz), 5.69-5.79 (1H 
m), 7.03 (1H, d, J = 8.4 Hz), 7.15 (1H, s), 7.24 (2H, d, J = 8.8 Hz), 7.41-7.51 (4H f m). 

IR(KBr)3317, 1641, 1616, 1530, 1493, 1331, 1238, 1140, B16cm-1. 
[0364] Elemental Analysis. Calcd. forC 31 H 41 N 3 O3.0.5 H 2 0: C, 72.63; H, 8.26; N, 8.20. Found: C, 72.53; H, 8.26; N, 



Reference Example 102 

[0365] A solution of trans-4-(tert-butoxycarbonylaminomethyl)cyclohexanecarboxylic acid (1 9.76 g), diphenylphos- 
phoryl azide (25.36 g) and triethylamine (12 ml) in toluene (210 ml) was stirred at room temperature for 30 minutes 
and at 100°C for 30 minutes. Into the reaction mixture was added benzyl alcohol (9.7 ml), and the resulting mixture 
was heated at reflux for 24 hours. After cooling to room temperature, the reaction mixture was mixed with water and 
was extracted with ethyl acetate. The organic layer was washed with 1 N hydrochloric acid, water, an aqueous saturated 
solution of sodium bicarbonate and an aqueous saturated solution of sodium chloride, and was dried with magnesium 
sulfate. After the resulting organic layer was concentrated under reduced pressure, the residue was subjected to pu- 
rification using column chromatography (ethyl acetate/hexane 1 : 2) and to recrystallization (ethyl acetate/hexane) to 
obtain benzyl trans-4-(tert-butoxycarbonylaminomethyl)cyclohexylcarbamate (1 8.93 g) as colorless crystals 
M.p. 130-1 31 °C 

1 H-NMR (200 MHz, CDCI3) 8 0.95-1.16 (4H, m), 1.44 (9H, s), 1.32-1.50 (1H, m), 1.70-1.83 (2H, m), 1.98-2 12 
(2H, m) f 2.97 (2H, t, J = 6.4 Hz), 3.31-3.56 (1H, m), 4.48-4.65 (2H, m), 5.08 (2H, s), 7.27-7.39 (5H m) 

IR (KBr) 3369, 3344, 1689, 1529, 1282, 1250, 1176 cm' 1 . 
[0366] Elemental Analysis. Calcd. for C^H^NaC^: C, 66.27; H, 8.34; N, 7.73. Found: C, 66.16; H, 8.11 ; N, 7.97. 

Reference Example 103 

[0367] To benzyl trans-4-(tert-butoxycarbonylaminomethyi)cyclohexylcarbamate (1 8.93 g) was added concentrated 
hydrochloric acid (60 ml), and the resulting mixture was stirred at room temperature for 1 6 hours. The reaction mixture 
was mixed with ethanol and was then concentrated under reduced pressure. The residue was mixed with diethyl ether, 
and the precipitated crystals were collected by filtration. The crystals were washed with diethyl ether to obtain benzyl 
trans-4-aminomethylcyclohexyicarbamate hydrochloride (11 .76 g) as colorless crystals. 

1 H-NMR (200 MHz, DMSO-d 6 ) 5 0.86-1.32 (4H, m), 1.39-1.62 (1H, m), 1.69-1.91 (4H, m), 2.53-2 70 (2H m) 
3.12-3.31 (1H, m), 5.00 (2H, s), 7.20 (1H, d, J = 7.8 Hz), 7.29-7.46 (5H, m), 7.92-8.28 (3H, m). 

IR (KBr) 3365, 1693, 1527, 1267, 1232, 1041 , 698 cm" 1 . 

Reference Example 104 

[0368] To a solution of benzyl trans-4-aminomethylcyclohexylcarbamate hydrochloride (11.56 g), tetrahydro-4H- 
pyran-4-one (3.85 g), triethylamine (8 ml) and 1 ,8-diazabicyco[5,4,0]-7-undecene (5.85 g) in 1 ,2-dichloroethane (100 
ml) was added at room temperature sodium triacetoxyborohydride (8.96 g), and the resulting mixture was stirred for 
14 hours. To the reaction mixture were added 37% formalin (3.43 g) and sodium triacetoxyborohydride, andthe resulting 
mixture was stirred further for 7 hours. The reaction mixture was mixed with water and was extracted with dichlorometh- 
ane. The organic layer was washed with an aqueous saturated solution of sodium chloride and was dried with anhydrous 
magnesium sulfate. After the resulting organic layer was concentrated under reduced pressure, the residue was sub- 
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jectedto separation and purification using column chromatography (ethanol/ethyl acetate 1 : 4 -» 1 : 2) to obtain benzyl 
trans^-[N-me%l-N-(tetrahydropyran^-yOaminomethyl]c^lohexylcarbamate (8.45 g) as colorless crystals. 
M. p. 81-84°C 

1 H-NMR (200 MHz, CDCI 3 ) 8 0.81-1.16 (4H, m), 1.22-1.42 (2H, m), 1.48-1.71 (3H, m), 1.76-1.91 (2H, m), 

I. 96-2.10 (2H, m), 2.19 (2H, d, J = 7.0 Hz), 2.23 (3H, s), 2.41-2.59 (1H, m), 3.25-3.55 (1H, m), 3.35 (2H, dt, J = 2.8, 

II . 4 Hz), 3.93-4.07 (2H, m), 4.50-4.64 (1H, m), 5.09 (2H, s), 7.26-7.39 (5H, m). 

IR (KBr)3317, 1713, 1682, 1539, 1265, 1232, 1041, 741 cm" 1 . 
[0369] Elemental Analysis. Calcd. for C^H^N^: C, 69.97; H, 8.95; N, 7.77. Found: C, 69.57; H, 8.80; N, 7.81 . 

Reference Example 105 

[0370] To a mixture of benzyl trans-4-|TsI^ethyl-N-(tetrahydropyran-4-yl)aminomethyl]cyclohexylcarbamate (6.00 g) 
and 10% Pd-C (0.6 g) in ethanol (100 ml) was added dropwise at room temperature formic acid (2.5 ml), and the 
resulting mixture was stirred for 16 hours. Pd-C was removed by filtration, and the filtrate was concentrated under 
reduced pressure. Ethanol (100 ml) and concentrated hydrochloric acid (6 ml) were added to the residue, and the 
resulting mixture was then concentrated under reduced pressure. The residue was mixed with diethyl ether, and the 
resulting powder was collected by filtration and was washed with ethanol and diethyl ether to obtain trans-4-[N-me- 
thyl-N-(tetrahydropyran-4-y0aminomethyl]cyclohexylamine di hydrochloride (4.07 g) as colorless crystals. 

1 H-NMR (200 MHz, DMSO-cy 8 0.89-1.19 (2H, m), 1.22-1.50 (2H, m), 1.59-2.21 (9H, m), 2.65-3.12 (6H, m), 
3.25-3.52 (2H, m), 3.89-4.03 (2H, m), 8.00-8.21 (3H, m), 10.00-10.19 (1H, m). 

IR (KBr) 3440, 1462, 1086, 1012 cm" 1 . 

Example 63 (Production of compound 63) 

[0371] Into a suspension of 7-(4-methylphenyl)-2,3-dihydrobenzooxepine-4-carboxylic acid (200 mg) and 1 - hydroxy- 
benzotriazole (145 mg) in acetonitrile (10 ml) was added at room temperature 1-ethyl-3-(3'-dimethylaminopropyl)car- 
bodiimide hydrochloride (205 mg), and the resulting mixture was stirred for 2 hours. To the reaction mixture was added 
a solution of trans-4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]cyclohexylamine dihydrochloride (320 mg), 
1 ,8-diazabicyclo[5,4,0]-7-undecene (326 mg) and triethylamine (0.2 ml) in acetonitrile (1 0 ml), and the resulting mixture 
was stirred for 4 hours. After the reaction mixture was concentrated under reduced pressure, water was added to the 
residue, and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous 
saturated solution of sodium chloride and was dried with magnesium sulfate. The resulting organic layer was evaporated 
under reduced pressure to remove the solvent and the residue was then subjected to purification using column chro- 
matography (ethanol/ethyl acetate 1:1) and to recrystallization (ethyl acetate/hexane) to obtain trans-7-(4-methylphe- 
nyl)-N-[4-[N-methyl-N-(tetrahydropyra^ 
(compound 63) (233 mg) as colorless crystals. 
M.p. 144-146°C 

1 H-NMR (200 MHz, CDCI3) 8 0.92-1.26 (4H, m), 1.46-1.73 (5H, m), 1.82-1.96 (2H, m), 2.02-2.17 (2H, m), 2.23 
(2H, d, J = 8.4 Hz), 2.25 (3H, s), 2.39 (3H, s), 2.43-2.63 (1H, m), 2.96 (2H, t, J = 4.8 Hz), 3.29-3.45 (2H, m), 3.73-3.92 
(1H, m), 3.96-4.09 (2H, m), 4.31 (2H, t, J = 4.8 Hz), 5.64 (1H, d, J = 7.4 Hz), 7.02 (1H, d, J = 8.4 Hz), 7.12 (1H, s), 
7.24 (2H, d, J = 9.2 Hz), 7.40-7.50 (4H, m). 

IR (KBr) 3323, 1612, 1527, 1493, 1319, 1238, 812 cnv"«. 
[0372] Elemental Analysis. Calcd. for C^H^O^: C, 76.19; H, 8.25; N, 5.73. Found: C, 75.90; H, 8.10; N, 5.75. 

Example 64 (Production of compound 64) 

[0373] into a suspension of 2-(4-methylphenyO-6,7-dihydro-5H-benzocycloheptene-8-carboxylic acid (200 mg) and 
1-hydroxybenzotriazole (146 mg) in acetonitrile (10 ml) was added at room temperature 1 -ethyl-3-(3'-dimethylamino- 
propyi)carbodiimide hydrochloride (207 mg), and the resulting mixture was stirred for 2 hours. Into the reaction mixture 
was added a so lution of trans-4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]cyclohexylamine dihydrochloride (323 
mg), 1 ,8-diazabicyclo[5,4,0]-7-undecene (326 mg) and triethylamine (0.2 ml) in acetonitrile (15 ml), and the resulting 
mixture was stirred for 1 0 hours. After the reaction mixture was concentrated under reduced pressure, water was added 
to the residue, and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with anhydrous magnesium sulfate. The resulting organic 
layer was evaporated under reduced pressure to remove the solvent and the residue was then subjected to purification 
using column chromatography (ethanoi/ethyl acetate 1:1) and to recrystallization (ethyl acetate/hexane) to obtain 
trans-2-(4-methylphenyi)-N-[4-{N-methyl-N-(tetrahydropyran-4-yl)aminomethyQcyclohexyl]-6,7-dihydro-5H- 
cloheptene-8-carboxamide (compound 64) (253 mg) as colorless crystals. 
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M. p. 163-165°C 

1 H-NMR (200 MHz, CDCy 5 0.88-1 .23 (4H, m), 1 .31 -1 .71 (5H, m), 1 .80-1 .95 (2H, m), 1 .99-2.1 8 (4H m) 2 23 
(2H, d, J = 8.4 Hz), 2.25 (3H, s), 2.39 (3H, s), 2.43-2.65 (3H, m), 2.76-2.88 (2H, m), 3.26-3.43 (2H, m), 3.69-3 92 (1H 
m), 3.95-4.06 (2H, m), 5.64-5.75 (1H, m), 7.17-7.26 (3H, m), 7.38-7.50 (5H, m). 

IR (KBr) 3354, 1641, 1616, 1514, 1446, 812 cm* 1 . 
[0374] Elemental Analysis. Calcd. for C^N^.O.I H 2 0: C, 78.68; H, 8.71 ; N, 5.73. Found: C, 78.44; H 8 64' N 



Reference Example 106 



[0375] To a solution of benzyl trans-4-aminomethyIcyclohexylcarbamate hydrochloride (5.0 g), tert-butyl 4-piperi- 

done-1 -carboxylate (3.31 g) and 1 ,8-diazabicyco[5,4,0]-7-undecene (2.53 g) in acetonitrile™ F (50/1 00 ml) was added 

at room temperature sodium triacetoxyborohydride (3.87 g), and the resulting mixture was stirred for 9 hours To the 

reaction mixture were added 37% formalin (1 .48 g) and sodium triacetoxyborohydride (3.9 g), and the resulting mixture 

was stirred furtherfor 64 hours. The reaction mixture was evaporated to remove the solvent, was then mixed with water 

and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium 

chloride and was dried with magnesium sulfate. After the resulting organic layer was concentrated under reduced 

pressure, the precipitated crystals were collected by filtration. The crystals were washed with diethyl ether to obtain 

tert-butyl trans-4-[N-[4-(N-benzyloxycarbonylamino)cyclohexylmethyl]-N-methylamino]piperidine-1 -carboxylate (5 28 
g) as colorless crystals. 

1 H-NMR (200 MHz, CDCy 6 1.04-1.28 (4H, m), 1.46 (9H, s), 1.53-1.72 (4H, m), 1.80-2.44 (5H, m), 2.52-3 00 
(4H, m), 2.77 (3H, s), 3.19-3.56 (2H, m), 4.19-4.41 (2H, m), 4.61-4.71 (1H, m), 5.08 (2H, s), 7.29-7 42 (5H m) 
^^80 3242,1713,1687,1537,1422,1248,1169,1045,746^-1. 

Reference Example 1 07 



[0376] A mixture of tert-butyl trans-4-[N-[4-(N-benzyloxycarbonylamino)cyclohexylmethyl]-N-methylamino]piperid- 
ine-1 -carboxylate (4.5 g), Pd-C (0.43 g) and ethanol (300 ml) was stirred vigorously for 24 hours under a hydrogen 
atmosphere. The catalyst was removed by filtration, and the filtrate was concentrated under reduced pressure The 
precipitated crystals were collected by filtration. The crystals were washed with diethyl ether to obtain tert-butyl trans- 
4-[N-(4-aminocycohexylmethyl)-N-methylamino]piperidine-1 -carboxylate (2.80 g) as colorless crystals 

1 H-NMR (200 MHz, CDCI3) 8 0.75-1.00 (2H, m), 1.24-1.56 (5H, m), 1.45 (9H, s), 1.59-1 74 (2H m) 1 79-1 95 
(2H, m), 2.00-2.26 (4H, m), 2.21 (3H, s), 2.33-2.52 (1H, m), 2.55-2.76 (2H, m), 2.81-3.04 (1H, m), 3.45-4.00 (2H m) 
4.04-4.28 (2H, m). ' " 

IR (KBr) 2925, 1687, 1433, 1267, 1246, 1169 cm'1. 

Example 65 (Production of compound 65) 

[0377] Into a suspension of 7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxylic acid (400 mg) and 1-hy- 
droxybenzotriazole (289 mg) in acetonitrile (20 ml) was added at room temperature 1 -ethyl-S-^-dimethylaminopropyl) 
carbodumide hydrochloride (0.41 g), and the resulting mixture was stirred for 2 hours. Into the reaction mixture was 
added a solution of tert-butyl trans-4-[N-(4-aminocycohexylmethyl)-N-methylamino]piperidine-1 -carboxylate (698 mg) 
and tnethylamine (0.4 ml) in acetonitrile (30 ml), and the resulting mixture was stirred for 20 hours. After the reaction 
mixture was concentrated under reduced pressure, water was added to the residue, and the resulting mixture was 
extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride and 
was dned with magnesium sulfate. Afterthe resulting organic layer was concentrated under reduced pressure to remove 
the solvent, the residue was subjected to purification using column chromatography (ethano l/ethyl acetate 1 • 3 -> 1 • 
2) and to recrystallization (ethyl acetate/hexane) to obtain trans-N-[4-[N-(1-tert-butoxycarbonylpiperidin-4-yO-N-meth- 
ylaminomethyl]cyclohexyl]-7-(4-methylphenyl)-2 ( 3-dihydro-1 -benzooxepine-4-carboxamide (compound 65) (560 ma) 
as colorless crystals. w 
M. p. 146-150°C 

1 H-NMR (200 MHz, CDCI 3 ) 5 0.94-1.32 (4H, m), 1.46 (9H, s), 1.55-1.79 (5H, m), 1.81-1 96 (2H m) 2 01-2 12 
(2H, m), 2.22 (2H, d, J = 9.0 Hz), 2.25 (3H, s), 2.39 (3H, s), 2.36-2.54 (1 H, m), 2.57-2.76 (2H, m), 2 96 (2H t J = 4 4 
Hz), 3.72-3.93 (1 H, m), 4.04-4.22 (2H, m), 4.31 (2H, t, J = 4.4 Hz), 5.66 (1 H, d, J = 7.8 Hz), 7.02 (1H d J = 8 4 Hz) 
7.12,(1H,s), 7.19-7.28 (2H,m), 7.38-7.52 (4H,m) 

IR (KBr) 3352, 1701, 1686, 1618, 1527, 1491, 1425, 1240, 1163, 1043, 812 cm'1. 
[0378] Elemental Analysis. Calcd. for C^H^NaC^: C, 73.56; H, 8.40; N, 7.15. Found: C, 73.38; H, 8.13; N, 7.16. 
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Example 66 (Production of compound 66) 

[0379] Into a solution of trans-N-[4-[N-(1 4ert-butoxyca*onylpiperidin^-yl)-N-methylaminomethyl]cyclohexyl]' 
r-t^ethylphenylJ^.a-dihydro-l-benzooxepine-A-carboxamide (0.41 g) in ethanol (30 ml) was added at room tem- 
5 perature concentrated hydrochloric acid (5 ml), and the resulting mixture was stirred for 2 days. After the reaction 
mixture was concentrated under reduced pressure, the resulting crystals were purified by recrystallization (ethanol/ 
diethyl ether) to obtain trans-N-[4-{N-(piperidin-4-yi)-N-memyte^^ 

dro-1 -benzooxepine-4-carboxamide dihydrochloride (compound 66) (381 mg) as colorless crystals. 
M. p. 249°C (dec.) 

10 1 H-NMR (200 MHz, DMSO-d 6 ) 5 0.93-1 .47 (4H, m), 1 .62-2.28 (9H, m), 2.34 (3H, s), 2.73 (3H, s), 2.79-3.10 (4H, 

m), 3.25-3.71 (3H, m), 4.15-4.54 (5H, m), 7.01 (1H, d, J = 8.4 Hz), 7.19-7.28 (3H, m), 7.48-7.57 (3H, m), 7.62-7.68 
(1H, m), 7.91 (1H, d, J = 7.8 Hz), 8.98-9.29 (1H, m). 

JR (KBr) 3390, 2939, 1639, 1493, 1460, 1352, 1267 cm" 1 . 
[0380] Elemental Analysis. Calcd. forC 31 H 4 3N 3 0 2 -2.5 H 2 0: C, 61.48; H, 7.99; N, 6.94. Found: C, 61.68; H, 7.54; N, 

is 6.91. 

Example 67 (Production of compound 67) 

[0381 ] Into a suspension of 6-(4-methylphenyl)-2H-1 -benzopyran-3-carboxylic acid (1 50 mg) and 1 -hydroxybenzo- 
20 triazole (114 mg) in acetonitrile (1 5 ml) was added at room temperature 1 -ethyl-3-(3'-dimethylaminopropyl)carbodiimide 
hydrochloride (1 62 mg), and the resulting mixture was stirred for 2 hours. Into the reaction mixture was added a solution 
of trans-4-(N-methyl-N-(tetrahydropyran-4-y0aminomethyI]cyclohexylamine dihydrochloride (253 mg), 1 ,8-diazabicy- 
clo[5,4,0]-7-undecene (257 mg) andtriethylamine (0.16 ml) in acetonitrile (20 ml), and the resulting mixture was stirred 
for 5 hours. After the reaction mixture was concentrated under reduced pressure, water was added to the residue, and 
25 the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution 
of sodium chloride and was dried with magnesium sulfate. After the resulting organic layer was concentrated under 
reduced pressure to remove the solvent, the residue was subjected to purification using column chromatography (eth- 
anol/ethyl acetate 1 : 1) and to recrystallization (ethyl acetate/hexane) to obtain trans-6-(4-methyiphenyl)-N-[4-{N-me- 
thyl-N-(tetrahydropyran-4-yl)aminomethyl]cyclohexyl]-2H-1-benzopyran-3-carboxamide (compound 67) (144 mg) as 
30 colorless crystals. 

M. p. 141-143°C 

1 H-NMR (200 MHz, CDCI 3 ) 5 0.92-1.31 (4H, m), 1.49-1.71 (5H, m), 1.82-1.95 (2H, m), 1.98-2.13 (2H, m), 2.24 
(2H, d, J = 8.8 Hz), 2.26 (3H, s), 2.39 (3H, s), 2.44-2.63 (1 H, m), 3.28-3.42 (2H, m), 3.70-3.92 (1 H, m), 3.95-4.06 (2H, 
m), 5.02 (2H, s), 5.65 (1 H, d, J = 8.8 Hz), 6.90 (1 H, d, J = 8.6 Hz), 6.97 (1H, s), 7.21-7.30 (3H, m), 7.40-7.44 (3H, m). 
35 |R (KBr) 3315, 1647, 1606, 1545, 1487, 1336, 1240, 1142, 808 cm* 1 . 

[0382] Elemental Analysis. Calcd. for O^H^NgC^: C, 75.92; H, 8.07; N, 5.90. Found: C, 75.22; H, 7.96; N, 5.90. 

Example 68 (Production of compound 68) 

40 [0383] Into a suspension of 3-(4-methylphenyl)-2H-1 -benzopyran-6-carboxylic acid (1 50 mg) and 1 -hydroxybenzo- 
triazole (1 1 4 mg) in acetonitrile (15 ml) was added at room temperature 1 -ethyl-3-(3'-dimethylaminopropyl)carbodiimide 
hydrochloride (162 mg), and the resulting mixture was stirred for 2 hours. Into the reaction mixture was added a solution 
of trans-4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]cyclohexylamine dihydrochloride (253 mg), 1 ,8-diazabicy- 
clotSAOJ^-undecene (257 mg) andtriethylamine (0.16 ml) in acetonitrile (20 ml), and the resulting mixture was stirred 

45 for 4 hours. After the reaction mixture was concentrated under reduced pressure, water was added to the residue, and 
the resulting mixture was extracted with chloroform. The organic layer was washed with an aqueous saturated solution 
of sodium chloride and was dried with magnesium sulfate. After the resulting organic layer was concentrated under 
reduced pressure to remove the solvent, the residue was subjected to purification using column chromatography (eth- 
anol/ethyl acetate 1 : 2) and to recrystallization (ethanol) to obtain trans-3-(4-methylphenyl)-N-[4-[N-methyl-N-(tetrahy- 

50 dropyran-4-yl)aminomethyl]cyclohexyO-2H-1 -benzopyran-6-carboxamide (compound 68) (1 90 mg) as colorless crys- 
tals. 

M. p. 205-207°C 

1 H-NMR (200 MHz, CDCI3) 8 0.96-1 .27 (4H, m), 1 .52-1 .76 (5H, m), 1 .83-1 .96 (2H, m), 2.04-2.20 (2H, m), 2.24 
(2H, d, J = 7.8 Hz), 2.26 (3H, s), 2.38 (3H, s), 2.45-2.62 (1H, m), 3.29-3.45 (2H, m), 3.83-4.09 (3H, m), 5.22 (2H, d, J 
55 =1.4 Hz), 5.82 (1H, d, J = 6.8 Hz), 6.79 (1H, s), 6.84 (1H, d, J = 7.8 Hz), 7.21 (2H, d, J = 8.0 Hz), 7.34 (2H, d, J = 8.0 
Hz), 7.46-7.51 (2H, m). 

IR (KBr) 3356, 1633, 1529, 1493, 1331, 1221, 1140, 808 cm" 1 . 
[0384] Elemental Analysis. Calcd. for C^H^N^: C, 75.92; H, 8.07; N, 5.90. Found: C, 75.82; H, 8.08; N, 5.93. 
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Example 69 (Production of compound 69) 

[0385] Into a suspension of 2-(4-methylpheny!)-7 ) 8-dihydro-6H-cyclohepta[b]thiophene-5-carboxylic acid (150 mg) 
and 1 -hydroxybenzotriazole (1 07 mg) In acetonitrile (15 ml) was added at room temperature 1 -ethyl-3-(3'-dimethylami- 
nopropyl)carbodiimide hydrochloride (152 mg), and the resulting mixture was stirred for 2 hours. Into the reaction 
mixture was added a solution of trans-4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]cyclohexylamine dihydrochlo- 
nde (236 mg), 1 ,8-diazabicyclot5,4,0]-7-undecene (240 mg) and triethylamine (0.15 ml) in acetonitrile (20 ml) and the 
resulting mixture was stirred for 20 hours. After the reaction mixture was concentrated under reduced pressure water 
was added to the residue, and the resulting mixture was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. Afterthe resulting organic 
layer was concentrated under reduced pressure to remove the solvent, the residue was subjected to purification using 
column chromatography (ethanol/ethyl acetate 1 : 2 2 : 3) and to recrystaliization (ethyl acetate/hexane) to obtain 
trans-2-(4-methylphenyl)-N-[4-[^ 

[b]thiophene-5-carboxamide (compound 69) (137 mg) as light yellow crystals 
M. p. 192-197°C 

1 H-NMR (200 MHz, CDCI3) 5 0.81-1.23 (4H, m), 1.52-1.72 (5H. m), 1.80-1.95 (2H, m), 2.00-2.15 (4H m) 2 24 
(2H, d, J = 8.8 Hz), 2.26 (3H, s), 2.36 (3H, s), 2.43-2.63 (1 H, m), 2.65-2.77 (2H, m), 3.01-3.10 (2H, m), 3 27-3 44 (2H 
m), 3.66-3.92 (1H, m), 3.96-4.07 (2H, m), 5.62 (1H, d, J = B.O Hz), 7.05 (2H, S), 7.17 (2H, d, J = 7.8 Hz), 7.42 (2H, d,' 
J = 7.8 Hz). 

IR (KBr) 3278, 1641, 1608, 1535, 1452, 1319, 1236, 1140, 810 cm" 1 . 
[0386] Elemental Analysis. Calcd. for CaoH^OsS-O^ H 2 0: C, 72.60; H, 8.20; N, 5.64. Found: C, 72.58; H, 8.03; 
N, 5.65. 



Example 70 (Production of compound 70) 

[0387] Into a suspension of 2-methyl-6-(4-methyiphenyl)-quinoline-3-carboxylic acid (1 50 mg) and 1 -hydroxybenzo- 
triazole (1 09 mg) in acetonitrile (1 5 ml) was added at room temperature 1 -ethyl-3-(3'-dimethylaminopropyl)carbodiimide 
hydrochloride (156 mg), and the resulting mixture was stirred for 2 hours. Into the reaction mixture was added a solution 
of trans-4-lN-methyl-N-(tetrahydropyran-4-yl)aminomethyl]cyclohexylamine dihydrochloride (242 mg) 1 8-diazabicy- 
clo[5,4,0]-7-undecene (246 mg) and triethylamine (0.1 5 -ml) in acetonitrile (1 5 ml), and the resulting mixture was stirred 
for 4 days. After the reaction mixture was concentrated under reduced pressure, water was added to the residue and 
the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution 
of sodium chloride and was dried with magnesium sulfate. After the resulting organic iayer was concentrated under 
reduced pressure to remove the solvent, the residue was subjected to purification using column chromatography (eth- 
anol/ethyl acetate 1 : 2 -+ 1 : 1) and to recrystaliization (ethyl acetate/hexane) to obtain trans-2-methyl-6-(4-methylphe- 

nyl)-N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyGcyclohexyl]quinoline-3-carboxamide (compound 70) (1 42 
mg) as colorless crystals. 

M. p. 163-165°C 

1 H-NMR (200 MHz, CDCI3) 5 0.93-1. 34 (4H,m), 1.52-1. 75 (5H,m), 1 .86-2.00 (2H, m), 2.12-2.32 (2H m) 2 26 
(2H, d, J = 5.4 Hz), 2.27 (3H, s), 2.43 (3H, s), 2.45-2.65 (1H, m), 2.83 (3H, s), 3.29-3.43 (2H, m), 3.86-4 09 (3H m) 
5.84 (1 H, d, J = 8.8 Hz), 7.30 (2H, d, J = 8.1 Hz), 7.59 (2H, d, J = 8.1 Hz), 7.91 (1 H, d, J = 2.2 Hz), 7.98 (1 H dd J = 
8.8, 2.2 Hz), 8.04-8.09 (2H, m). ? 

IR (KBr) 3277, 1639, 1539, 1491, 1448, 1140, 812 cm' 1 . 

[0388] Elemental Analysis. Calcd. forC 31 H 39 N 3 O 2 .0.2 H 2 0: C, 76.10; H, 8.12; N, 8.59. Found: C, 76.00; H, 8.03; N, 
8.60. 

Example 71 (Production of compound 71) 

[0389] Into a suspension of (E)-3-[5-(4-methylphenyl)-thiophen-2-yi]acrylic acid (200 mg) and 1 -hydroxybenzotria- 
zole (166 mg) in acetonitrile (10 ml) was added at room temperature 1-ethyl-3-(3'-dimethylaminopropy!)carbodiimide 
hydrochlonde (235 mg), and the resulting mixture was stirred for 2 hours. Into the reaction mixture was added a solution 
of trans-4-tN-methyl-N-(tetrahydropyran-4-yl)aminomethyl]cyclohexylamine dihydrochloride (368 mg) triethylamine 
(0.23 ml) and 1 ,8-diazabicyclo[5,4,0]-7-undecene (374 mg) in acetonitrile (1 0 ml), and the resulting mixture was stirred 
further for 18 hours. After the reaction mixture was concentrated under reduced pressure, water was added to the 
residue, and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous 
saturated solution of sodium chloride and was dried with magnesium sulfate. Afterthe resulting organic layer was 
concentrated under reduced pressure to remove the solvent, the residue was subjected to purification using column 
chromatography (ethanol/ethyl acetate 1 : 1) and to recrystaliization (ethanoi/ethyl acetate) to obtain trans-(E)-N-[4-(N- 
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me%l-N-(tetrahydropyran-4-yl)aminometh^ (compound 
71) (246 mg) as yellow crystals. 
M. p. 1 99-201 °C 

1 H-NMR (200 MHz, CDCI3) 5 0.95-1.27 (4H, m), 1.48-1.70 (5H, m), 1.80-1.93 (2H. m), 2.02-2.14 (2H, m), 2.23 
(2H, dd, J = 8.8 Hz), 2.25 (3H, s), 2.37 (3H, s), 2.42-2.61 (1 H, m), 3.28-3.43 (2H, m), 3.74-3.93 (1 H, m), 3.96-4.06 (2H, 
m), 5.35 (1 H, d, J = 8.2 Hz), 6.13 (1 H, d, J = 15.2 Hz), 7.1 4-7.22 (4H, m), 7.49 (2H, d, J = 8.0 Hz) , 7.69 (1 H, d, J = 1 5.2 Hz). 

IR (KBr) 3273, 1645, 1603, 1549, 1456, 1236, 1211 , 797 cm" 1 . 
[0390] Elemental Analysis. Calcd. for Cz^^OzS^ H 2 0: C, 71 .08; H, 8,04; N, 6.14. Found: C, 71 .11; H, 7.99; 
N.6.17. 

Example 72 (Production of compound 72) 

[0391] Into a suspension of (E)-3-[4-(4-methylpheny0-thiophen-2-yl]acrylic acid (150 mg) and 1 -hydroxybenzotria- 
zole (124 mg) in acetonitrile (10 ml) was added at room temperature 1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide 
hydrochloride (1 77 mg), and the resulting mixture was stirred for 2 hours. Into the reaction mixture was added a solution 
of trans-4-{N-methyl-N-(tetrahydropyran-4-yl)aminomethyGcyclohexylamine dihydrochloride (276 mg), 1 ,8-diazabicy- 
clo[5,4,0]-7-undecene (281 mg) and triethylamine (0.17 ml) in acetonitrile (1 5 ml), and the resulting mixture was stirred 
for 16 hours. After the reaction mixture was concentrated under reduced pressure, water was added to the residue, 
and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated 
solution of sodium chloride and was dried with magnesium sulfate. After the resulting organic layer was concentrated 
under reduced pressure to remove the solvent, the residue was subjected to purification using column chromatography 
(ethanol/ethyl acetate 1 : 2) and to recrystallization (ethanol) to obtain (trans, E)-3-[4-(4-methylphenyl)thiophen-2-yl] 
-N-[4-[N-methyI-N-(tetrahydropyran-4-yi)aminomethyl]cyclohexyl]acryIami (compound 72) (191 mg) as colorless 
crystals. 

M. p. 180-183°C 

1 H-NMR (200 MHz, CDCI3) 5 0.94-1.26 (4H, m), 1.50-1.74 (5H, m), 1.79-1.94 (2H, m), 2.01-2.15 (2H, m), 2.23 
(2H, d, J = 8.4 Hz), 2.25 (3H, s), 2.37 (3H, s), 2.42-2.62 (1H, m), 3.36 (2H, dt, J = 2.8, 11.0 Hz), 3.75-3.94 (1H, m), 
3.96-4.06 (2H, m), 5.41 (1H, d, J = 8.4 Hz), 6.18 (1H, d, J = 15.4 Hz), 7.21 (2H, d, J = 8.0 Hz), 7.36 (1H, s), 7.43-7.48 
(3H, m), 7.75 (1H, d, J = 15.4 Hz). 

IR (KBr) 3317, 1649, 1614, 1539, 1333, 1201, 816 cm" 1 . 
[0392] Elemental Analysis. Calcd. for C^H^NaOaS: C, 71 .64; H, 8.02; N, 6.19. Found: C, 71 .34; H, 7.97; N, 6.29. 

Example 73 (Production of compound 73) 

[0393] Into a suspension of (E)-3-[5-(4-methylphenyl)pyridin-3-yGacrylic acid (150 mg) and 1 -hydroxybenzotriazole 
(134 mg) in acetonitrile (15 ml) was added at room temperature 1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide hy- 
drochloride (0.19 g), and the resulting mixture was stirred for 2 hours. Into the reaction mixture was added a solution 
of trans-4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]cyclohexylamine dihydrochloride (198 mg), 1 ,8-diazabicy- 
clopAOJ^-undecene (0.2 g) and triethylamine (0.18 ml) in acetonitrile (20 ml), and the resulting mixture was stirred 
for 64 hours. After the reaction mixture was concentrated under reduced pressure, water was added to the residue, 
and the resulting mixture was extracted with chloroform. The organic layer was washed with an aqueous saturated 
solution of sodium chloride and was dried with magnesium sulfate. After the resulting organic layer was concentrated 
under reduced pressure to remove the solvent, the precipitated crystals were purified by recrystallization (ethanol/ethyl 
acetate) to obtain (trans, E)-3-t5-(4-methylphenyl)pyridin-3-yn-NH4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl] 
cyclohexyQacrylamide (compound 73) (226 mg) as colorless crystals. 
M. p. 233-236°C 

1 H-NMR (200 MHz, CDCI3) 8 0.96-1 .30 (4H, m), 1 .51-1.71 (5H, m), 1 .81-1 .95 (2H, m), 2.03-2.18 (2H, m), 2.23 
(2H, d, J = 8.0 Hz), 2.25 (3H, s), 2.42 (3H, s), 2.45-2.61 (1H, m), 3.36 (2H, dt, J = 3.0, 11 .4 Hz), 3.77-4.08 (3H, m), 
5.53 (1H, d, J = 9.2 Hz), 6.50 (1H, d, J = 15.4 Hz), 7.30 (2H, d, J = 8.1 Hz), 7.49 (2H, d, J = 8.1 Hz), 7.67 (1H, d, J = 
15.4 Hz), 7.93 (1H, dd, J = 2.2, 2.2 Hz), 8.69 (1H, d, J = 2.2 Hz), 8.78 (1H, d, J = 2.2 Hz). 

IR (KBr) 3302, 1659, 1612, 1541, 1344, 976, 822 cm* 1 . 
[0394] Elemental Analysis. Calcd. for C^H^O^ C, 75.13; H, 8.33; N t 9.39. Found: C, 75.06; H, 8.11 ; N, 9.34. 

Example 74 (Production of compound 74) 

[0395] Into a suspension of (E)-3-[4-(4-methylphenyl) furan-2-yl]acrylic acid (150 mg) and 1 -hydroxybenzotriazole 
(133 mg) in acetonitrile (15 ml) was added at room temperature 1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide hy- 
drochloride (1 89 mg), and the resulting mixture was stirred for 2 hours. Into the reaction mixture was added a solution 
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of trans-4^N-methyl-N-(tetrahydropyran-4-yl)aminomethy0cyclohexylamin d [hydrochloride (295 mg) 1 8-diazabicy- 

clo[5,4,0]-7-undecene (0.3 g) and triethylamine (0.18 ml) in acetonltrile (15 ml), and the resulting mixture was stirred 

for 4 days. After the reaction mixture was concentrated under reduced pressure, water was added to the residue and 

the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution 

of sodium chlonde and was dried with magnesium sulfate. After the resulting organic layer was concentrated under 

reduced pressure to remove the solvent, the residue was subjected to purification using column chromatography (eth- 

anoi/ethyl acetate 1 : 3 -> 1 : 2) and to recrystallization (ethyi acetate/hexane) to obtain (trans, E)-3-{4-(4-methylphenyl) 

furan-2-yl]-N-[4-[N.methy|.N-(tetrahydropyran-4-yl)aminomethy0cyclohexyl]acrylamide (compound 74) (137 ma) as 
light yellow crystals. 

M. p. 165-167°C 

1 H-NMR (200 MHz, CDCI3) 8 0.87-1 .28 (4H, m), 1.47-1.66 (5H, m), 1.76-1.96 (2H, m), 2.02-2.15 (2H m) 222 
(2H, d, J = 8.4 Hz), 2.24 (3H, s), 2.38 (3H, s), 2.42-2.60 (1 H, m), 3.28-3.42 (2H, m), 3.73-3.92 (1 H t m), 3.95-4 06 (2H 
m), 5.40 (1H, d, J = 8.8 Hz), 6.33 (1H, d, J = 15.4 Hz), 6.60 (1H, d, J = 3.4 Hz), 6.65 (1H, d, J = 3.4 Hz), 7 20 (2H d' 
J = 8.0 Hz), 7.39 (1H, d, J =15.4 Hz), 7.60 (2H,d, J = 8.0 Hz). 

IR (KBr) 3319, 1651, 1614, 1541, 1989, 1219, 1142, 955, 779 cm' 1 . 
[0396] Elemental Analysis. Calcd. for C^H^N^: C, 74.28; H, 8.31 ; N, 6.42. Found: C, 74.13; H, 8.07; N, 6.36. 

Example 75 (Production of compound 75) 

[0397] Into a solution of trans-(E)-N-[4-(N-methyl-N-(tetrahydropyran-4-yl)aminomethylcyclohexy!)-3-[5-(4-methyl- 
phenyl)thiophen-2-yl]acrylamide (100 mg) in DMF (3 ml) was added at room temperature methyl iodide (0 03 ml) and 
the resulting mixture was stirred for 24 hours. The reaction mixture was evaporated under reduced pressure to remove 
the solvent, and the residue was mixed with ethanol. The precipitated crystals were collected by filtration to obtain N 
N-dimethyl-N-[trans-4-[(E) -3-[5-(4^methylphenyl)-2-thienyl]-2-propenoylamino]cyclohexylmethyl]-4-tetrahydropyran- 
ylammonium iodide (compound 75) (87 mg) as light yellow crystals. 
M. p. 229-232°C 

1 H-NMR (200 MHz, DMSO-de) 8 1.12-1 .37 (4H, m), 1.63-2.05 (8H, m), 2.33 (3H, s), 2.99 (6H, s), 3.10-3 23 (2H 
m), 3.26-3.42 (3H, m), 3.46-3.80 (2H, m), 3.97-4.11 (2H, m), 6.35 (1 H, d, J = 15.4 Hz), 7.25 (2H, d, J = 8 0 Hz) 7 34 
(1 H, d, J = 4.1 Hz), 7.44 (1 H, d, J = 4.1 Hz), 7.53 (1 H, d, J = 1 5.4 Hz), 7.56 (2H, d, J = 8.0 Hz), 8.03 (1 H, d J = 7 6 Hz) 

IR(KBr)3442,3240,2933,1653,1606,1543,1452,808crrri. 
[039 By Elemental Analysts. Calcd. for C 28 H 39 N 2 O2s|.0.3 H 2 0: C, 56.05; H, 6.65; N, 4.67. Found: C, 55.95; H, 6.50; 

Reference Example 108 

[0399] Into a suspension of 7-(4-methy [phenyl) -2, 3-dihydro-1-benzooxepine-4-carboxylic acid (1 2 g) in dichlo- 
romethane (1 0 ml) were added under ice cooling oxalyl chloride (1 .1 ml) and dimethylformamide (a catalytic amount) 
and the resulting mixture was stirred at room temperature for 2 hours. After evaporation of the solvent the residue 
dissolved in tetrahydrofuran (15 ml) was added dropwise under ice cooling to a solution of 4-trifluoroacetamidopiperi- 
dme (0.85 g) and triethylamine (1 .8 ml) in THF (1 0 ml). The resulting mixture was stirred at room temperature overnight 
under a nitrogen atmosphere. After the reaction mixture was concentrated under reduced pressure, water was added 
to the residue, and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. The resulting organic layer was 
concentrated under reduced pressure to remove the solvent to obtain crude crystals. The crude crystals were recrys- 
talhzedfrom ethyl acetate/hexane to obtain 1-(7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carbonyl)-4-trifluor- 
oacetamidopiperidine as colorless prisms. 
M. p. 189-192°C 

1 H-NMR (8 ppm, CDCI 3 ) 1 .40-1 .62 (2H, m), 2.05-2.15 (2H, m), 2.39 (3H, s), 2.90 (2H, t, J = 4 4 Hz) 2 98-3 15 
(2H, m), 4.00-4.20 (1 H, m), 4.34 (2H, t, J = 4.4 Hz), 4.34^45 (2H, m), 6.30 (1 H, d, J = 8.0 Hz), 6.47 (1 H S) 7 04 (1 H 
d, J = 8.0 Hz), 7.24 (2H, d, J = 7.8 Hz), 7.35-7.45 (4H, m). ' ' 

IR (KBr) v: 3250, 2926, 1 71 5 crrr*. 
[0400] Anal. Calcd. for C 25 H 25 F 3 N 2 0 3 : C, 65.49; H, 5.50; N, 6.11 . Found: C, 65.32; H, 5.57; N, 6.08. 

Example 76 (Production of compound 76) 

[0401] To 1 -(7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carbonyI)-4-trifluoroacetamidopiperidine (1 6 g) dis- 
solved in methanol (1 00 ml) was added a 1 N aqueous solution of sodium hydroxide (7 ml), and the resulting mixture 
was stirred at room temperature overnight. The reaction mixture was concentrated and was then extracted with ethyl 
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acetate. The organic layer was washed with water and an aqueous saturated solution of sodium chloride, and was 
then dried with anhydrous magnesium sulfate. The resulting organic layer was evaporated under reduced pressure to 
remove the solvent to obtain crude crystals. The crude crystals were recrystallized from ethyl acetate/hexane to obtain 
4-amino-1 -(7-(4-methylphenyl)-2 f 3-dihydro-1 -benzooxepine-4-carbonyl)piperidine (compound 76) (1 .1 g) as colorless 
5 prisms. 

M. p. 123-127°C 

1 H-NMR (8 ppm, CDCI3) 1 .22-1 .40 (2H, m), 1 .80-1 .95 (2H, m), 2.39 (3H, s), 2.90 (2H, t, J = 4.4 Hz), 2.92-3.05 
(3H, m), 4.14^.36 (2H, m), 4.34 (2H, t, J = 4.4 Hz), 6.46 (1H, s), 7.04 (1H, d, J = 8.0 Hz), 7.24 (2H, d, J = 8.0 Hz), 
7.37-7.46 (4H, m). 
10 IR (KBr) v: 2938, 1605 cnr«. 

[0402] Anal. Calcd. for C^H^C^: C, 76.21; H, 7.23; N, 7.73. Found: C, 75.92; H, 7.14; N, 7.77. 

Example 77 (Production of compound 77) 

is [0403] To 4-amino-1 -(7-(4-fnethylphenyl) -2,3-dihydro-1-benzooxepine-4-carbonyI)piperidine (0.3 g) and tetrahydro- 
4H-pyran-4-one (0.083 g) dissolved in 1 ,2-dichloroethane (6 ml) was added under tee cooling sodium triacetoxyboro- 
hydride (0.25 g), and the resulting mixture was stirred at room temperature overnight under a nitrogen atmosphere. 
The reaction mixture was evaporated to remove the solvent, was neutralized with a 1 N aqueous solution of sodium 
hydroxide and was extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated 

20 solution of sodium chloride, and then was dried with anhydrous magnesium sulfate. The resulting organic layer was 
evaporated under reduced pressure to remove the solvent, and the residue dissolved in ethyl acetate was mixed with 
4 N hydrochloric acid/ethyl acetate (0.5 m!) to collect the precipitated powder by filtration. The powder was washed 
with hexane to obtain 1 -(7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-carbonyl)-4-((tetrahydropyran-4-yl)amino) 
piperidine hydrochloride (compound 77) (0.35 g) as a colorless amorphous substance. 

25 1 H-NMR (5ppm, DMSCKy 1 .62 (4H, br), 1 .93-2.13 (4H, m), 2.34 (3H, s), 2.80 (2H,s-like), 2.98 (2H, br), 3.40-3.53 

(4H, m), 3.89-3.94 (2H, m), 4.17-4.28 (4H, m), 6.54 (1 H, s), 7.02 (1 H, d, J = 8.4 Hz), 7.24 (2H, d, J = 7.8 Hz), 7.46-7.61 
(4H, m), 9.07 (2H, br). 

IR (KBr) v: 2951 , 2791 , 2737, 2693, 1620 cm' 1 . 
[0404] Anal. Calcd. for CgeH^rV^-HCI.O^ H 2 0: C, 69.11; H, 7.33; N, 5.76. Found: C, 69.08; H, 7.20; N, 5.97. 

30 

Example 78 (Production of compound 78) 

[0405] To l-(7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine^-carbony0-4-((tetrahydropyran-4-yl)amino)piperid- 
ine hydrochloride (0.2 g), 37% formalin (0.05 ml) and triethylamine (0.06 ml) suspended in 1 ,2-dichloroethane (5 ml) 

35 was added under ice cooling sodium triacetoxyborohydride (0.13 g), and the resulting mixture was stirred at room 
temperature overnight under a nitrogen atmosphere. The reaction mixture was evaporated to remove the solvent, was 
neutralized with a 1 N aqueous solution of sodium hydroxide and was extracted with ethyl acetate. The organic layer 
was washed with water and an aqueous saturated solution of sodium chloride, and was then dried with anhydrous 
magnesium sulfate. The resulting organic layer was evaporated under reduced pressure to remove the solvent, and 

40 the residue dissolved in ethyl acetate was mixed with 4 N hydrochloric acid/ethyl acetate (0.5 ml) to collect the precip- 
itated powder by filtration. The powder was washed with diethyl ether to obtain 1-(7-(4-methylphenyl)-2,3-dihydro- 
1 -benzooxepine-4-carbonyl)-4-((N-methyl-N-(tetrahydropyran-4-yl))amino)piperidine hydrochloride (compound 78) 
(0.1 9 g) as a colorless amorphous substance. 

1 H-NMR (5 ppm, DMSO-dg) 1 .60-1 .85 (4H, m), 1 .85-2.20 (4H, m), 2.34 (3H, s), 2.67 (3H, d, J = 4.6 Hz), 2.80 

45 (2H, Hike), 2.96 (2H, br), 3.29-3.46 (3H, m), 3.70 (1H, br), 3.94-4.00 (2H, m), 4.25 (2H, br), 4.28 (2H, Mike), 6.59 (1H, 
s), 7.03 (1H, d, J = 8.4 Hz), 7.25 (2H, d, J = 8.0 Hz), 7.46-7.55 (3H, m), 7.64 (1H, d, J = 2.6 Hz), 10.07 (1H, br). 

IR (KBr) v: 2963, 2649, 1 605 cm-1 . 
[0406] Anal. Calcd. for C29H36N2O3.HCI.H2O: C, 67.62; H, 7.63; N, 5.44. Found: C, 67.48; H, 7.65; N, 5.43. 

so Reference Example 109 

[0407] To 7-(4-methylphenyl) -2,3-dihydro-1 -benzooxepine-4-carbaldehyde (2.0 g) and 4-trifluoroacetamidopiperid- 
ine (1 .56 g) dissolved in 1 ,2-dichloroethane (50 ml) was added under ice cooling sodium triacetoxyborohydride (1 .8 
g), and the resulting mixture was stirred at room temperature overnight under a nitrogen atmosphere. Thereto were 
55 added triethylamine (1 .1 ml) and sodium triacetoxyborohydride (0.8 g), and the resulting mixture was stirred at room 
temperature overnight under a nitrogen atmosphere. The reaction mixture was evaporated to remove the solvent, was 
neutralized with a 1 N aqueous solution of sodium hydrogen carbonate and was extracted with ethyl acetate. The 
organic layer was washed with water and an aqueous saturated solution of sodium chloride, and then was dried with 
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anhydrous magnesium sulfate. The resulting organic layer was evaporated under reduced pressure to remove the 
solvent to obtain crude crystals (3.0 g). A portion of the crystals was recrystallized from ethyl acetate/hexane to obtain 
1 -(7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepin-4-ylmethy)-4-trifiuoroacetamidopiperidine as light yellow crystals 
M. p. 94-96°C 

1 H-NMR (8 ppm, CDCI 3 ) 1.43-1.61 (2H, m), 1.96-2.17 (4H, m), 2.3B (3H, s), 2.69 (2H, t, J = 4.8 Hz) 2 82- 2 88 
(2H, m), 3.05 (2H, s), 3.75-3.95 (1H, m), 4.26 (2H, t, J = 4.8 Hz), 6.13 (1H, d, J = 7.2 Hz), 6.35 (1H, s), 6.99 (1H d J 
= 8.0 Hz), 7.22 (2H, d, J = 8.1 Hz), 7.29-7.36 (2H, m), 7.44 (2H, d, J = 8.1 Hz). 

IR (KBr) v: 3299, 2948, 1703 cm" 1 . 
[0408] Anal. Caicd. for C 25 H 27 F 3 N 2 O 2 .0.2 H 2 0: C, 67.01 ; H, 6.16; N, 6.25. Found: C, 67.16; H, 6.13; N, 6.07 

Example 79 (Production of compound 79) 

[0409] To 1 -(7-(4-methylphenyl)-2,3<lihydro-1 -benzooxepin-4-yl)-methy-4-(trifluoroacetamido)piperidine (2 7 g) dis- 
solved in methanol (200 ml) was added a 1 N aqueous solution of sodium hydroxide (20 ml), and the resulting mixture 
was stirred at room temperature for 2 days. The reaction mixture was concentrated and then was extracted with ethyl 
acetate. The organic layer was washed with water and an aqueous saturated solution of sodium chloride and then was 
dried with anhydrous magnesium sulfate. The resulting organic layer was evaporated to remove the solvent under 
reduced pressure to obtain 4-amino-1-(7-(4-methylphenyl)-2,3-dihydro-1-benzooxepin-4-yI)methylpiperidine (com- 
pound 79) (1 .44 g) as a colorless amorphous substance. 

1 H-NMR (5 ppm, CDCI 3 ) 1 .26-1 .47 (2H, m), 1 .77-1 .83 (2H, m), 1 .92-2.05 (2H, m), 2.38 (3H, s), 2.61-2 69 (1 H m) 2 71 
(2H, t, J = 4.8 Hz), 2.80-2.85 (2H, m), 3.03 (2H, s), 4.26 (2H, t, J = 4.8 Hz), 6.34 (1 H, s), 6.99 (1 H, d, J = 8.4 Hz)' 7 22 
<2H, d, J = 8.0 Hz), 7.28-7.36 (2H, m), 7.45 (2H, d, J = 8.0 Hz). 

IR (KBr) v: 2936, 1576, 1493 cm-1. 
[0410] Anal. Calcd. for C 23 H 28 N 2 <>0.2 H 2 0: C, 78.46; H, 8.13; N, 7.96. Found; C, 78.35; H, 7.97; N, 7.56. 

Example 80 (Production of compound 80) 

[0411] To 4-amino.1-(7-(4-methylphenyl)-2,3-dihydro-1-benzooxepin-4-yl)methylpiperidine (0.4 g) and tetrahydro- 
4H-pyran-4-one (0.12 g) dissolved in 1 ,2-dichloroethane (10 ml) was added under ice cooling sodium triacetoxyboro- 
hydnde (0.34 g), and the resulting mixture was stirred at room temperature overnight under a nitrogen atmosphere 
The reaction mixture was evaporated to remove the solvent, was neutralized with a 1 N aqueous solution of sodium 
hydroxide and was then extracted with ethyl acetate. The organic layer was washed with water and an aqueous sat- 
urated solution of sodium chloride, was then dried with anhydrous magnesium sulfate, and was evaporated under 
reduced pressure to remove the solvent. The residue was subjected to purification using a silica gel column (methanol/ 
tnethylamine/ethyl acetate) to obtain crude crystals. The crude crystals were recrystallized from ethyl acetate/hexane 
to obtain 1 -(7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepin-4-yl)methyl-4-((tetrahydropyran-4-yl)amino)piperidine 
(compound 80) (0.17 g) as colorless crystals. 
M. p. 101-103°C 

1 H-NMR (5 ppm, CDCI 3 ) 1.26-1.50 (4H, m), 1.78-2.05 (6H, m), 2.38 (3H, s), 2.60-2.72 (3H m) 2 76-2 89 (3H 
40 m), 3.04 (2H, s), 3.40 (2H, dt, J = 2.2, 11.7 Hz), 3.94-4.00 (2H, m), 4.26 (2H, t, J = 5.0 Hz), 6.34 (1H s) 6 99 (1H d' 

J = 8.0 Hz), 7.22 (2H,d,J = 8.1 Hz), 7.28-7.36 (2H,m), 7.45 (2H,d,J = 8 1 Hz) ' 
IR (KBr) v: 2936, 1493 cm -1 . 

[0412] Anal. Calcd. for C 28 H 36 N 2 0 2 : C, 77.74; H, 8.39; N, 6.48. Found: C, 77.49; H, 8.44; N, 6.71 . 
45 Example 81 (Production of compound 81 ) 

[0413] To 4-amino-1-(7-(4-methylphenyl)-2 ( 3-dihydro-1-benzooxepin-4-yl)methylpiperidine (0.3 g) and tetrahydro- 
4H-pyran-4-one (0.09 g) dissolved in 1 ,2-dichloroethane (1 0 ml) was added under ice cooling sodium triacetoxyboro- 
hydnde (0.26 g). The resulting mixture was stirred at room temperature overnight under a nitrogen atmosphere Thereto 
was added a 37% aqueous solution of formaldehyde (0.1 ml) and was then added under ice cooling sodium triace- 
toxyborohydride (0.3 g), and the resulting mixture was stirred at room temperature overnight under a nitrogen atmos- 
phere. The reaction mixture was evaporated to remove the solvent, was neutralized with a 1 N aqueous solution of 
sodium hydroxide and was then extracted with ethyl acetate. The organic layer was washed with water and an aqueous 
saturated solution of sodium chloride and was then dried with anhydrous magnesium sulfate, and the solvent was 
evaporated. The residue was subjected to purification using a silica gel column (methanolrtriethylamine/ethyl acetate) 
The purified material dissolved in ethyl acetate was mixed with 4 N hydrochloric acid/ethyl acetate (0.4 ml) and hexane 
to collect the precipitated powder by filtration. The powder was washed with hexane to obtain 1 -(7-(4-methylphenyl)- 
2 l 3-dihydro-1-benzooxepin^-yl)methyl-4-(N-methyl-N-(tetrahydropyran-4-yl)amino)piperidine dihydrochloride (corn- 
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pound 81) (0.21 g) as a colorless amorphous substance. 

1 H-NMR (6 ppm, DMSO-de) 1 .70-1 .99 (2H, m), 2.07-2.24 (2H, m), 2.34 (3H, s), 2.34-2.39 (2H, m), 2.63-2.74 (3H, 
m), 2.91 (2H, br), 3.00-3.20 (2H, m), 3.26-3.40 (2H, m), 3.45-3.61 (2H, m), 3.70-3.90 (3H, m), 3.90-4.20 (3H, m), 4.25 
(2H, br), 6.77 (1H, s), 7.02 (1H, d, J = 8.4 Hz), 7.26 (2H, d, J = 8.2 Hz), 7.45-7.53 (4H, m), 11.06 (2H, br). 
5 |R (KBr) v: 2940, 2654, 1493 cm- 1 . 

Reference Example 110 

[0414] To 7-phenyl-3,4-dihydronaphthalene-2-carboxylic acid (1.00 g) dissolved in methanol (25 ml) was added a 
10 concentrated sulfuric acid (0.1 ml), and the resulting mixture was heated at reflux for 48 hours. After cooling to room 
temperature, the reaction mixture was mixed with a 5% aqueous solution of sodium hydrogen carbonate and was 
extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride, 
was dried with anhydrous sodium sulfate and was then evaporated under reduced pressure to remove the solvent. To 
the resulting residue dissolved in ethanol (50 ml) was added dried 1 0% palladium on charcoal (0.05 g), and the resulting 
is mixture was stirred at an ordinary temperature and under an atmospheric pressure for 48 hours. The palladium on 
charcoal was removed by a filtration operation, the filtrate was concentrated and the residue was then subjected to 
purification using column chromatography (ethyl acetate/hexane = 1/2) to obtain an oily material. To this material dis- 
solved in methanol (15 ml) was added a 1 N aqueous solution of sodium hydroxide (10 ml), and the resulting mixture 
was heated at reflux for 3 hours. After cooling to room temperature, the reaction mixture was acidified by the addition 
20 of a diluted hydrochloric acid and was extracted with ethyl acetate. The organic layer was washed with an aqueous 
saturated solution of sodium chloride and was dried with anhydrous magnesium sulfate, and then the solvent was 
evaporated under reduced pressure. The resulting residue was recrystallized from ethyl acetate/hexane to obtain 
7-phenyM ,2,3,4-tetrahydronaphthalene-2-carboxylic acid (677 mg) as colorless crystals. 
M. p. 164-166 C C 

25 Elemental Analysis. Calcd. for C 17 H 16 0 2 : C, 80.93; H, 6.39. Found: C, 80.83; H, 6.30. 

IR (KBr) cm- 1 : 3030, 2924, 1693, 1483, 1294, 1234, 764, 700. 

1 H-NMR (200 MHz, CDCI 3 ) 5: 1 .83-2.05 (1H, m), 2.22-2.35 (1H, m), 2.75-3.05 (3H, m), 3.12 (2H, d, J = 7.4 Hz), 
7.18 (1H, d, J = 7.8 Hz), 7.27-7.46 (5H, m), 7.52-7.60 (2H, m). 

30 Example 82 (Production of compound 82) 

[0415] To 7-phenyl-1 r 2,3,4-tetrahydronaphthalene-2-carboxylic acid (400 mg) dissolved in THF (7 ml) were added 
oxalyl chloride (207 u.l) and one drop of DMF, and the resulting mixture was stirred at room temperature for one hour. 
After the reaction mixture was evaporated under reduced pressure to remove the solvent, to the residue dissolved in 

35 THF (7 ml) were added at room temperature 1-(4-aminobenzyl)piperidine (333 mg) and triethylamine (267 uJ). The 
resulting mixture was stirred at room temperature for 1 7 hours, water (1 00 ml) was then added and the resulting mixture 
was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride 
and was dried with anhydrous magnesium sulfate, and the solvent was then evaporated under reduced pressure. The 
resulting residue was recrystallized from ethyl acetate/diisopropyl etherto obtain N-[4-(piperidinomethy1)phenyl]-7-phe- 

40 nyl-1 f 2,3,4-tetrahydronaphtha!ene-2-carboxamide (compound 82) (604 mg) as light brown crystals. 
M. p. 185-187°C 

[0416] Elemental Analysis. Calcd. for C^H^NgO: C, 82.04; H, 7.60; N, 6.60. Found: C, 81 .98; H, 7.45; N, 6.63. 
IR (KBr) cm- 1 : 3288, 2933, 1657, 1603, 1537, 1485, 1410, 1321, 760, 696. 

1 H-NMR (200 MHz, CDCI3) 8: 1.35-1.75 (6H, m), 1.90-2.15 (1H, m), 2.18-2.42 (5H, m), 2.60-2.78 (1H, m), 
45 2.88-3.05 (2H, m), 3.08-3.30 (2H, m), 3.44 (2H, m), 7.15-7.60 (13H, m). 

Example 83 (Production of compound 83) 

[0417] To N44-(piperidinomethyl)phenyn-7-phenyl-1,2,3,4-tetrahydronaphthalene-2-carboxamide (300 mg) dis- 
50 solved in DMF (3 ml) was added methyl iodide (132 uJ), and the resulting mixture was stirred at room temperature for 
17 hours. The reaction mixture was mixed with ethyl acetate (100 ml), and the resulting precipitate was collected by 
filtration to obtain 1-[4-(7-phenyl-1 ,2,3,4-tetrahydronaphthalene-2-carboxamido)benzyl]-1-methylpiperidium iodide 
(compound 83) (374 mg) as colorless crystals. 
M. p. 205-208°C 

55 [0418] Elemental Analysis. Calcd. for C 3 oH3 5 N 2 OI-0.5 H 2 0: C, 62.61 ; H, 6.30; N, 4.87. Found: C, 62.94; H, 6.08; N, 
5.05. 

IR (KBr) cm- 1 : 3439, 1660, 1599, 1531, 1485, 1417, 1321, 760. 

1 H-NMR (200 MHz, DMSO-dg) 5: 1.40-1.95 (6H, m), 2.05-2.20 (1H, m), 2.75-3.10 (9H, m), 3.20-3.35 (4H, m), 
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4.52 (2H, s), 7.20 (1 H, d ( J = 8.4 Hz), 7.35-7.55 (7H, m), 7.64 (2H, d, J = 7.6 Hz), 7.78 (2H, d, J = 8.2 Hz), 1 0.28 (1 H, s) . 
Reference Example 111 

[0419] A mixture comprising ethyl 3-hydroxybenzoate (5.00 g), benzyl bromide (4.29 ml), potassium carbonate (6.24 
g) and acetone (50 ml) was stirred at room temperature for 1 6 hours. After the reaction mixture was evaporated under 
reduced pressure to remove the solvent, water (200 ml) was added to the residue, and the resulting mixture was 
extracted with ethyl acetate. After the organic layer was concentrated, a 1 N aqueous solution of sodium hydroxide 
(50 ml) was added to the residue dissolved in methanol (50 ml), and the resulting mixture was heated at reflux for 2 
hours. After cooling to room temperature, the reaction mixture was acidified by the addition of concentrated hydrochloric 
acid and was then extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of 
sodium chloride, was dried with anhydrous sodium sulfate and was then evaporated under reduced pressure to remove 
the solvent. The resulting residue was recrystallized from ethyl acetate/hexane to obtain 3-benzyloxybenzoic acid (5 1 0 
g) as colorless crystals. 
M. p. 140-141°C 

[0420] Elemental Analysis. Calcd. for C u H 12 0 3 : C, 73.67; H, 5.30. Found: C, 73.70; H, 5.32. 
IR (KBr) cm" 1 : 3030, 2897, 1684, 1603, 1450, 1323, 1296, 1250, 1039, 760, 733. 
1 H-NMR (200 MHz, CDCI 3 ) 5: 5.13 (2H, s), 7.18-7.28 (1H, m), 7.28-7.48 (6H, m), 7.70-7.77 (2H, m). 

Reference Example 112 



[0421] A mixture comprising ethyl 3-hydroxybenzoate (5.00 g), 4-methylbenzyl chloride (4.78 ml), potassium car- 
bonate (6.24 g), methyl iodide (5.41 g) and acetone (50 mi) was heated at reflux for 1 5 hours. After the reaction mixture 
was evaporated under reduced pressure to remove the solvent, the residue was mixed with water (200 ml) and was 
extracted with ethyl acetate. After the organic layer was concentrated, a 1 N aqueous solution of sodium hydroxide 
(50 ml) was added to the residue dissolved in methanol (50 ml), and the resulting mixture was heated at reflux for 3 
hours. After cooling to room temperature, the reaction mixture was acidified by the addition of concentrated hydroch loric 
acid and then was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of 
sodium chloride, was dried with anhydrous sodium sulfate and was evaporated under reduced pressure to remove the 
solvent. The resulting residue was recrystallized from ethyl acetate/hexane to obtain 3-(4-methylbenzyloxy)benzoic 
acid (5.92 g) as colorless crystals. 
M. p. 152-154°C 

[0422] Elemental Analysis. Calcd. for C 15 H 14 0 3 : C, 74.36; H, 5.82. Found: C, 74.16; H, 5.77. 
IR (KBr) crrr": 3010, 2897, 1684, 1605, 1454, 1298, 1248, 1041, 802, 760. 

1 H-NMR (200 MHz, CDCI 3 ) 5: 2.37 (3H, s), 5.08 (2H, s), 7.17-7.27 (3H, m), 7.31-7.43 (3H, m), 7.70-7.77 (2H, m). 
Reference Example 113 

[0423] A mixture comprising ethyl 3-hydroxybenzoate (5.00 g), 1-(chloromethyl)naphthalene (5.40 ml), potassium 
carbonate (6.24 g), methyl iodide (a catalytic amount) and acetone (50 ml) was heated at reflux for 24 hours. After the 
reaction mixture was concentrated under reduced pressure to remove the solvent, the residue was mixed with water 
(200 ml) and was extracted with ethyl acetate. After the organic layer was concentrated, a 1 N aqueous solution of 
sodium hydroxide (50 ml) was added to the residue dissolved in methanol (50 ml), and the resulting mixture was heated 
at reflux for 2 hours. After being cooled to room temperature, the reaction mixture was acidified by the addition of 
concentrated hydrochloric acid and was then extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride, was dried with anhydrous sodium sulfate and was then evaporated 
under reduced pressure to remove the solvent. The resulting residue was recrystallized from ethyl acetate/hexane to 
obtain 3-(1-naphthylmethoxy)benzoic acid (7.14 g) as colorless crystals 
M. p. 177-179°C 

[0424] Elemental Analysis. Calcd. for C 18 H 14 0 3 : C, 77.68; H, 5.07. Found: C, 77.41 ; H, 4.89. 
IR (KBr) cm-*": 3049, 2887, 1714, 1691, 1595, 1439, 1308, 1277, 1238, 1014, 781, 756 

1 H-NMR (200 MHz, CDCy 6: 5.55 (2H, s), 7.24-7.32 (1H, m), 7.35-7.65 (5H t m),V.73-7.95 (4H, m), 8.02-8.10 
(1 H, m). 



Example 84 (Production of compound 84) 

[0425] To 3-benzyloxybenzoic acid (800 mg) dissolved in THF (10 ml) were added oxalyl chloride (397 u.l) and 
drop of DMF, and the resulting mixture was stirred at room temperature for one hour. After the reaction mixture 
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evaporated to remove the solvent, to the residue dissolved in THF (15 ml) were added dropwise at room temperature 
1 -(4-aminobenzyf)piperidine (733 mg) and triethylamine (589 u.l). This reaction mixture was stirred at room temperature 
for 17 hours, was then mixed with water (100 ml) and was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride, was dried with anhydrous sodium sulfate and was then evap- 
5 orated under reduced pressure to remove the solvent. The resulting residue was recrystallized from ethyl acetate/ 
hexane to obtain 3-benzyloxy-4'-(piperidinomethyl)benzaniIide (compound 84) (1 .06 g) as colorless crystals. 
M. p. 137-138°C 

[0426] Elemental Analysis. Calcd. for C^H^O^ C, 77.97; H, 7.05; N, 6.99. Found: C, 77.73; H, 7.15; N, 6.91 . 
IR (KBr) cm' 1 : 3348, 2929, 1645, 1597, 1524, 1319, 1273, 750, 698. 
10 1H-NMR (200 MHz, CDCI3) 5: 1.38-1.70 (6H, m), 2.32-2.43 (4H, m), 3.46 (2H, s), 5.13 (2H, s), 7.11-7.20 (1H, 

m), 7.28-7.60 (12H, m), 7.77 (1H, s). 

Example 85 (Production of compound 85) 

15 [0427] To 3-(4-methylbenzyloxy)benzoic acid (1 .00 g) dissolved in THF (15 ml) were added oxalyl chloride (468 u.l) 
and one drop of DMF, and the resulting mixture was stirred at room temperature for one hour. After the reaction mixture 
was evaporated under reduced pressure to remove the solvent, to the residue dissolved in THF (15 ml) were added 
at room temperature 1 -(4-aminobenzyr)piperidine (864 mg) and triethylamine (695 uJ). The resulting mixture was stirred 
at room temperature for 3 hours, was then mixed with water (1 00 ml) and was extracted with ethyl acetate. The organic 

20 layer was washed with an aqueous saturated solution of sodium chloride, was dried with anhydrous sodium sulfate 
and was then evaporated under reduced pressure to remove the solvent. The resulting residue was recrystallized from 
ethyl acetate/hexane to obtain 3-(4-methy!benzyloxy)-4'-(piperidinomethy0benzanilide (compound 85) (1 .25 g) as 
colorless crystals. 

M. p. 153-155°C 

25 [0428] Elemental Analysis. Calcd. for C^H^N^: C, 78.23; H, 7.29; N, 6.76. Found: C, 78.05; H, 7.25; N, 6.75. 
IR (KBr) cm" 1 : 3348, 2941, 1655, 1597, 1581, 1524, 1410, 1321, 1269, 1051, 800. 

1 H-NMR (200 MHz, CDCI 3 ) 8: 1.35-1.75 (6H, m), 2.30-2.45 (7H, m), 3.47 (2H, s), 5.09 (2H, s), 7.10-7.40 (9H, 
m), 7.47-7.60 (3H, m), 7.78 (1 H, s). 

30 Example 86 (Production of compound 86) 

[0429] To 3-(1 -naphthylmethoxy)benzoic acid (1 .00 g) dissolved in THF (1 0 ml) were added oxalyl chloride (407 u.1) 
and one drop of DMF, and the resulting mixture was stirred at room temperature for one hour. After the reaction mixture 
was evaporated to remove the solvent, to the residue dissolved in THF (15 ml) were added at room temperature 

35 1 -(4-aminobenzyl)piperidine (751 mg) and triethylamine (604 The resulting mixture was stirred at room temperature 
for 96 hours, was then mixed with water (1 00 ml) and was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride, was dried with anhydrous sodium sulfate and was then evap- 
orated under reduced pressure to remove the solvent. The resulting residue was recrystallized from ethyl acetate/ 
hexane to obtain 3-(1 -naphthylmethoxy)-44piperidinomethyl)benzanilide (compound 86) (1 25 g) as colorless crystals. 

40 M. p. 171-173 P C 

[0430] Elemental Analysis. Calcd. for C^H^N^O-I H 2 0: C, 79.65; H, 6.73; N, 6.19. Found: C, 79.55; H, 6.76; N, 
6.19. 

IR (KBr) cm- 1 : 3350, 2929, 1655, 1597, 1581, 1522, 1410, 1321, 1290, 1269, 793. 
[0431] 1 H-NMR (200 MHz, CDCI 3 ) 8: 1 .35-1 .70 (6H, m), 2.33-2.43 (4H, m), 3.47 (2H, S), 5.57 (2H, s), 7.20-7.65 (12H, 
45 m), 7.78 (1H, s), 7.84-7.93 (2H, m), 8.03-8.08 (1H, m). 

Example 87 (Production of compound 87) 

[0432] To 3-bezyloxy-44piperidinomethyl)benzanilide (560 mg) dissolved in DMF (3 ml) was added methyl iodide 
so (261 nl), and the resulting mixture was stirred at room temperature for 1 4 hours. Ethyl acetate (1 00 ml) was added to 
this reaction mixture, and the resulting precipitate was collected by filtration to obtain 1 -[4-(3-benzyloxybenzoytamino) 
benzyl]-1-methylpiperidinium iodide (compound 87) (724 mg) as colorless crystals. 
M. p. 192-194°C 

[0433] Elemental Analysis. Calcd. for C^^Cy: C, 59.78; H, 5.76; N, 5.16. Found: C, 59.51 ; H, 5.67; N, 5.46. 
55 |R (KBr) cm' 1 : 3437, 3317, 1662, 1593, 1520, 1317, 1273, 1016, 750, 700. 

1 H-NMR (200 MHz, DMSO-dg) 8: 1.40-2.00 (6H, m), 2.92 (3H, s), 3.20-3.40 (4H, m), 4.54 (2H, s), 5.20 (2H, s), 
7.23-7.60 (11 H, m), 7.92 (2H, d, J = 8.4 Hz), 10.42 (1H, s). 
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Example 88 (Production of compound 88) 

[0434] To 3-(4-methylbezyloxy)-4'-(piperidinomethyl)benzanilide (900 mg) dissolved in DMF (5 ml) was added methyl 
iodide (405 m-I), and the resulting mixture was stirred at room temperature for 15 hours. Ethyl acetate (200 ml) was 
added to this reaction mixture, and the resulting precipitate was collected by filtration to obtain 1 -methyl-1 -[4-[3-(4-meth- 
ylbenzyloxy)benzoylamino]benzyQpiperidinium iodide (compound 88) (1 .05 g) as colorless crystals 
M. p. 210-212°C 

[0435] Elemental Analysis. Calcd. for Cj^N^I-O.S H 2 0: C, 59.47; H, 6.06; N, 4.95. Found: C, 59 IT H 5 94- 
N,5.10. ' ' ' 

IR (KBr) cm-1: 3298, 2949, 1657, 1595, 1520, 1483, 1416, 1321, 1275, 1213 1012 804 
1 H-NMR (200 MHz, DMSO-oy 5: 1.40-2.00 (6H, m), 2.32 (3H, s), 2.93 (3H, s), 3.20-3.40 (4H, m), 4.56 (2H s) 
5.1 5 (2H,s), 7.1 7-7.60(1 OH, m), 7.93 (2H,d, J = 8.4 Hz), 10.43 (1H,s). 

Example 89 (Production of compound 89) 

[0436] To 3-(1 -naphthylmethoxy)-4'-(piperidinomethyl)benzanilide (950 mg) dissolved in DMF (8 ml) was added me- 
thyl iodide (394 u.l), and the resulting mixture was stirred at room temperature for 38 hours. Ethyl acetate (200 m!) was 
added to this reaction mixture, and the resulting precipitate was collected by filtration to obtain 1 -methyl-1 -[4-[3-(1 -naph- 
thylmethoxy)benzoyiamlno]benzyl]plperidinium iodide (compound 89) (1.21 g) as colorless crystals 
M. p. 211-213°C 

[0437] Elemental Analysis. Calcd. for C^H^N^I: C, 62.84; H, 5.61 ; N, 4.73. Found: C, 62.47- H 5 61 N 4 73 
IR (KBr) cm""": 3442, 3282, 1655,1597, 1520, 1485, 1417, 1325, 1273, 793. ' 
1H-NMR (200 MHz, DMSO-d 6 ) 5: 1.40-2.00 (6H, m), 2.92 (3H, s), 3.20-3.40 (4H, m), 4.54 (2H, s), 5.66 (2H s) 

7.35-7.75(1 OH, m), 7.80-8.05 (4H,m), 8.07-8.1 7 (1H,m),1 0.44 (1H,s). 

Example 90 (Production of compound 90) 

[0438] To 3.(4-methylbezyloxy)-4'-(piperidinomethyl)benzanilide (1 50 mg) dissolved in THF (5 ml) was added at 0°C 
70% mCPBA (m-chloroperbenzoic acid) (1 1 6 mg), and the resulting mixture was stirred at 0°C for one hour An aqueous 
saturated solution of sodium thiosulf ate (10 ml) and an aqueous saturated solution of potassium carbonate were added 
to th is reaction mixture, and the resulting mixture was stirred at room temperature for 30 minutes and was then extracted 
with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride was dried 
with anhydrous sodium sulfate and was then evaporated under reduced pressure to remove the solvent The resulting 
residue was recrystallized from ethyl acetate/methanol to obtain 3-(4-methylbenzyloxy)-4'-(1 -oxypiperidinomethyl)ben- 
zanilide (compound 90) (77 mg) as colorless crystals. 
M. p. 128-130°C 

[0439] Elemental Analysis. Calcd. for C 27 H 30 N 2 O 3 .1 .0 H 2 0: C, 72.30; H, 7.19; N, 6.25. Found: C, 72.53; H, 6.96; N, 
6.28. 

IR (KBr) cm-1: 3388, 2939, 1662, 1597, 1520, 1414,1321,1271,1211,806 748 

1H-NMR (200 MHz, CDCl 3 ) 8: 1.15-1.80 (4H, m), 2.10-2.50 (5H, m), 3.00-3.18 (4H, m), 4.33 (2H s) 5 09 (2H 
s )» 7.09-7.60 (10H, m), 7.77 (2H, d, J = 8.0 Hz), 8.69 (1 H, s). 1 

Example 91 (Production of compound 92) 

[0440] Into a solution of N-[4-(ethoxycarbonimidoyl)phenyl)-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-car- 
boxamide hydrochloride (200 mg) in ethanol (4 ml) was added ethylenedi amine (0.09 ml). The resulting mixture was 
stirred at room temperature overnight, was then concentrated and was mixed with an aqueous solution of sodium 
bicarbonate. The resulting mixture was extracted with ethyl acetate/tetrahydrofuran, and the extract was washed with 
an aqueous solution of sodium chloride. The extract was dried (anhydrous magnesium sulfate) and was then concen- 
trated, and the residue was recrystallized from ethyl acetate/methanol to obtain N-[4-(2-imidazolin-2-yl)phenylJ- 
7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxamide (compound 92). (60 mg) as colorless crystals 
M. p. 282-283°C 

1H-NMR (200 MHz, DMSO-d 6 ) 5: 2.34 (s, 3H), 2.9-3.1 (m, 2H), 3.60 (brs, 4H) t 4.2^.4 (m, 2H), 6.87 (brs 1H) 
7.06 (d, 1H, J = 8.0), 7.27 (d, 2H, J = 8.4), 7.37 (s, 1H), 7.5-7.6 (m, 3H), 7.7-7.8 (m, 5H), 10.15 s, 1H) 

IR (KBr) 1649, 1605, 1525, 1508, 1489, 1321, 1260, 810 cm- 1 . 
[0441] Elemental Analysis. Calcd. for C^H^O;,: C, 76.57; H, 5.95; N, 9.92. Found: C, 76.45; H, 6.08; N, 9.97. 
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Example 92 (Production of compound 93) 

[0442] Into a solution of N-[4-(lmida2olin-2-yI)phenyl]-7-(methylphenyl)-2 f 3-di hydro- 1 -benzooxepine-4-carboxamide 
(1 20 mg) in THF/DMF (1 0 ml/1 ml) were added triethylamine (0.09 ml) and acetyl chloride (0.024 ml), and the resulting 

5 mixture was stirred at room temperature for one hour. The reaction mixture was mixed with water under ice cooling 
and was extracted with ethyl acetate. The extract was washed with an aqueous solution of sodium chloride, was dried 
(anhydrous magnesium sulfate) and was then concentrated. The residue was subjected to purification using silica gel 
column chromatography (ethyl acetate/methanol) and further to recrystallization from ethyl acetate/methanol to obtain 
N-{4-(acetyl-2-imida2olin-2-yi)phenyl]"2,3-dihydro-1-ben200xepine^-carboxamide (compound 93) (56 mg) as color- 

10 less crystals. 

M. p. 222 - 224°C 

1 H-NMR (200 MHz, CDCI3) 5: 1.90 (3H, s), 2.39 (3H, s), 3,05-3.15 (2H, m), 3.85-4.15 (4H, m), 4.36 (2H, t, J = 
4.6), 7.06 (1H, d, J = 8.6), 7.2-7.3 (2H, m), 7.4-7.6 (6H, m), 7.67 (2H, d, J = 8.8), 7.78 (1H, brs). 
IR (KBr) : 1665, 1649, 1530, 1512, 1391, 1279, 841, 814 cm" 1 . 
15 [0443] Elemental Analysis. Calcd. for C29H27N3O3: C, 74.82; H, 5.85; N, 9.03. Found: C, 74.58; H, 5.67; N, 8,95. 

Example 93 (Production of compound 94) 

[0444] To N-(4-cyanomethylpheny0-7-(4-methylphenyl)-2,3-dihydro-1-benzooxepine-4-carboxamide (789 mg) was 
20 added under ice cooling a solution of 24% hydrogen chloride/ethanol/dioxane (1 0 ml). The resulting mixture was stirred 
at room temperature for one hour and was then concentrated. To the residue suspended in ethanol (20 ml) was added 
ethylenediamine (0.4 ml) under ice cooling. The resulting mixture was stirred at room temperature for 15 hours, was 
then concentrated and was mixed with an aqueous solution of sodium bicarbonate. The resulting mixture was extracted 
with ethyl acetate, and the extract was washed with an aqueous solution of sodium chloride. After drying (magnesium 
25 sulfate) , the extract was concentrated, and the residue was recrystallized from ethyl acetate/methanol to obtain N-(4-im- 
idazolin-2-yl)methyl]phenyl]-7-(4-methylphenyI)-2,3-dihydro-1 -benzooxepine-4-carboxamide (compound 94) (580 mg) 
as colorless crystals. 
M. p. 210-212°C 

1 H-NMR (200 MHz, CDCI3) 5: 2.38 (3H, s), 3.0-3.1 (2H, m), 3.49 (2H, s), 3.59 (4H, s), 4.25-4.35 (2H, m), 7.03 
30 (d, 1H, J = 8.2), 7.15-7.35 (5H, m), 7.4-7.6 (6H, m). 

IR (KBr): 1649, 1603, 1516, 1493, 1327, 1265, 1256, 816 cm* 1 . 
[0445] Elemental Analysis. Calcd. for CgeH^CVO.I H 2 0: C, 73.82; H, 6.42; N, 9.22. Found: C, 73.85; H, 6.31 ; N, 
9,08. 

35 Example 94 (Production of compound 95) 

[0446] Into a solution of N-[4-(imidazolin-2-yl)methyl]phenyl3-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine-4-car- 
boxamide (200 mg) in THF (10 ml)/DMF (1 ml) were added triethylamine (0.095 ml) and acetyl chloride (0.036 ml), 
and the resulting mixture was stirred at room temperature for one hour. The reaction mixture was mixed with an aqueous 

40 solution of sodium bicarbonate under ice cooling and was extracted with ethyl acetate. The extract was washed with 
an aqueous solution of sodium chloride, was dried (magnesium sulfate) and was then concentrated. The residue was 
subjected to purification using silica gel column chromatography (ethyl acetate) and further to recrystallization from 
ethyl acetate/diethyl ether to obtain N-[4-(1-acetyl-2-imidazolin-2-yl)methyI]phenyl]-7-(4-methylphenyl)-2,3-dihydro- 
1-benzooxepine-4-carboxamide (compound 95) (77 mg) as colorless crystals. 

45 M. p. 174- 176°C 

1 H-NMR (200 MHz, CDCI 3 ) 5: 2.13 (3H, s), 2.39 (3H, s), 3.0-3.15 (2H f m), 3.8-3.9 (4H, m), 4.15 (2H, s), 4.36 
(2H, t, J = 4.8), 7.05 (1 H, d, J = 8.0), 7.2-7.35 (4H, m), 7.4-7.6 (7H, m). 

IR (KBr): 1655, 1532, 1516, 1493, 1395, 1319, 1244, 814cm- 1 . 
[0447] Elemental Analysis. Calcd. for 0^291^303-0.8 H 2 0: C, 72.94; H, 6.24; N, 8.51 . Found: C, 72.99; H, 6.00; N, 

so 8.53. 

Example 95 (Production of compound 96) 

[0448] Into a suspension of N-[4-(2-imidazolin-2-yl)methyl]phenyQ-7-(4-methylphenyl)-2,3-dihydro-1 -benzooxepine- 
55 4-carboxamide (150 mg) in THF (5 ml) were added triethylamine (0.06 ml) and methyl chlorocarbonate (0.03 ml). After 
being stirred at 0°C for one hour, the reaction mixture was mixed with an aqueous solution of sodium bicarbonate under 
ice cooling and was extracted with ethyl acetate. The extract was washed with an aqueous solution of sodium chloride, 
was dried (magnesium sulfate), and was then concentrated under reduced pressure. The residue was subjected to 
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purification using silica gel column chromatography (ethyl acetate/hexane = 4/1) and further to recrystallization from 
ethyl acetate/hexane to obtain N-[4-[(1-methoxycarbony!-2-imidazolin-2-yl)methyQphenyl]-7-(4-methylphenyl)-2,3-di- 
hydro-1-benzooxepine-4-carboxamide (compound 96) (71 mg) as colorless crystals. 
M. p. 170 - 171°C 

1 H-NMR (200 MHz, CDCI3) S: 2.39 (3H, s), 3.07 (2H, t, J = 5.0), 3.73 (3H, s), 3.81 (4H, s), 4.08 (2H, s), 4 36 (2H 
t, J = 5.0), 7.06 (1 H, d, J = 8.6), 7.2-7.35 (4H, m), 7.4-7.6 (7H, m). 

IR (KBr): 1730, 1663, 1514, 1491, 1381, 1318, 1265, 1020, 810 cm" 1 . 
[0449] Elemental Analysis. Calcd. for C^H^C^: C, 72.71 ; H, 5.90; N, 8.48. Found: C, 72.43; H, 5.94; N, 8.33. 

Reference Example 114 



[0450] To 3-hydroxybenzatdehyde (5.00 g) dissolved in acetone (70 ml) were added 4-methylbenzyl chloride (6.51 
ml), potassium carbonate (8.49 g) and sodium iodide (7.36 g), and the resulting mixture was heated at reflux for 24 
hours and was then evaporated under reduced pressure to remove the solvent. The residue was mixed with water 
(200 ml) and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of 
sodium chloride was dried with anhydrous sodium sulfate, and was then evaporated under reduced pressure to remove 
the solvent. The thus-obtained residue was subjected to purification using column chromatography (ethyl acetate/ 
hexane = 1/10) to obtain 3-(4-methylbenzy!oxy)benzaldehyde (7.86 g) as a colorless oily substance. 
IR (KBr) cm- 1 : 2922, 1697, 1599, 1483, 1450, 1383, 1261, 1147, 1020, 789, 683. 

1 H-NMR (200 MHz, CDCI 3 ) 5: 2.37 (3H, s), 5.09 (2H, s), 7.17-7.37 (5H, m), 7.52-7.60 (3H, m), 9.98 (1H, s). 
Reference Example 115 



[0451] To a,a'-Dibromo-p-xylene (1 2.5 g) dissolved in THF (1 00 ml) was added piperidine (4.68 ml), and the resulting 
mixture was stirred at room temperature for 4 hours. The reaction mixture was mixed with IN hydrochloric acid (1 00 
ml) and was stirred at room temperature for 5 minutes. After two layers were separated, the aqueous layer was washed 
with diethyl ether, was made alkaline by adding a IN aqueous solution of sodium hydroxide and was then extracted 
with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride and was 
subjected directly to purification using column chromatography (ethyl acetate/hexane = 2/1 ), and the objective fractions 
were concentrated to a solvent volume of approximately 200 ml. To this solution were added triphenylphosphine (7.46 
g) and toluene (100 ml), and the resulting mixture was heated at reflux for 40 hours. The resulting precipitate was 
collected by filtration to obtain triphenyl[4-(piperidinomethyl)benzyl]phosphonium bromide (8.14) as colorless crystals 
M. p. 234 - 236°C 

[0452] Elemental Analysis. Calcd. for C 31 H33NBrP: C, 70.1 9; H, 6.27; N, 2.64. Found: C, 70.03- H 6 37- N 2 65 
IR (KBr) cm- 1 : 2845, 1441, 1113, 995, 752, 719, 689. 

1 H-NMR (200 MHz, DMSO-d 6 ) 5: 1.30-1.55 (6H, m), 2.12-2.32 (4H, m), 3.28-3.40 (2H, m), 5.14 (2H, d, J = 15 4 
Hz), 6.91 (2H, dd, J = 2.2, 8.0 Hz), 7.12 (2H, d, J = 8.0 Hz), 7.60-7.78 (12H, m), 7.85-7.95 (3H, m). 

Example 96 (Production of compound 97) 

[0453] To a mixture comprising triphenyl[4-(piperidinomethyl)benzyl]phosphonium bromide (1 .06 g) and THF (1 0 ml) 
was added dropwise under a nitrogen atmosphere a 1.6 M solution of butyllithium in hexane (1 .28 ml), and the resulting 
mixture was stirred for 30 minutes. To this reaction mixture was added 3-(4-methylbenzyloxy)benzaldehyde (453 mg), 
and the resulting mixture was stirred at room temperature for one hour, was then mixed with water (100 ml) and was 
extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride, 
was dried with anhydrous sodium sulfate and was then evaporated under reduced pressure to remove the solvent! 
The resulting residue was subjected to purification using column chromatography (ethyl acetate/triethylamine « 20/1) 
and to recrystallization to obtain (E)-1-[4-[3-(4-methylbenzyloxy)styryl]benzy0piperidine (compound 97) (330 mg) as 
colorless crystals. 
M. p. 87 - 88°C 

[0454] Elemental Analysis. Calcd. for Ca^NO: C, 84.59; H, 7.86; N, 3.52. Found: C, 84.30; H 778'N 3 60 
IR (KBr) cm' 1 : 2924, 1601, 1578, 1443, 1281, 1157, 1036, 968, 797, 781, 685. 

1 H-NMR (200 MHz, CDCI 3 ) 8: 1.38-1.65 (6H, m), 2.33-2.46 (7H, m), 3.48 (2H, s), 5.07 (2H, s), 6.83-6 90 <1H 
m), 7.05-7.38 (11H,m), 7.46 (2H,d, J = 8.2 Hz). 

Example 97 (Production of compound 98) 

[0455] To (E)-1 -[4-[3-(4-methylbenzyloxy)styryl]benzyl]piperidine (1 50 mg) dissolved in DMF (3 ml) was added me- 
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thyl iodide (70 uJ), and the resulting mixture was stirred at room temperature for 66 hours. The reaction mixture was 
mixed with ethyl acetate (100 ml) and the resulting precipitate was collected by filtration and recrystallized from ethyl 
acetate/methanol to obtain (E)-1 -methyl-1-[4-[3-(4-methylben2yloxy)styryl]ben2yI]piperidinium iodide (compound 100) 
(183 mg) as colorless crystals. 
5 M. p. 189-192°C 

[0456] Elemental Analysis. Calcd. for CggH^NOI: C, 64.56; H, 6.35; N, 2.60. Found: C, 64.29; H, 6.27; N, 2.88. IR 
(KBr) cm' 1 : 3442, 2956, 1593, 1466, 1443, 1267, 1211, 1189, 1014, 878, 806. 

1 H-NMR (200 MHz, CDCI 3 ) 5: 1.75-2.05 (6H, m), 2.37 (3H, s), 3.21 (3H, s), 3.52-3.66 (2H, m), 3.75-3.90 (2H. 
m), 5.04 (2H, s), 5.16 (2H t s), 6.86-6.95 (1H, m), 7.03-7.15 (4H, m), 7.18-7.37 (5H, m), 7.49 (2H, d, J = 8.4 Hz), 7.66 
10 (2H, J = 8.4 Hz). 

Reference Example 116 

[0457] A mixture of 2-hydroxybenzyl alcohol (3.00 g), 2-chloroethyl propyl ether (4.0 ml), sodium iodide (4.75 g), 
is potassium carbonate (6.68 g) and DMF (30 m!) was stirred at 90° C for 24 hours. The reaction mixture was mixed with 
water and was extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated 
solution of sodium chloride, and was dried with magnesium sulfate. After concentration under reduced pressure, the 
residue was subjected to purification using column chromatography (ethyl acetate : hexane 1 : 2) to obtain 2-(2-pro- 
poxyethoxy)benzyi alcohol (2.35 g) as a yellow oily substance. 
20 1 H-NMR (200 MHz, CDCI3) 5 0.92 (3H, t, J = 7.4 Hz), 1.54-1 .68 (2H t m), 3.31 (1H, t, J = 7.0 Hz), 3.48 (2H, t, J 

= 6.8 Hz), 3.76-3.81 (2H, m), 4.19-4.24 (2H, m), 4.67 (2H, d f J = 7.0 Hz), 6.89-6.99 (2H, m), 7.22-7.30 (2H, m). 
. IR (neat) 3427, 1603, 1601, 1495, 1454, 1288, 1244, 1120, 1051, 754 cm'\ 

Reference Example 117 

25 

[0458] Into a solution of methyl 7-hydroxy-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (400 mg), 2-(2-pro- 
poxyethoxy)benzyl alcohol (0.63 g) and triphenylphosphine (782 mg) in THF (10 ml) was added at 0°C diethyl azodi- 
carboxylate (a 40% solution in toluene, 1.36 ml), and the resulting mixture was stirred at room temperature for 20 
hours. After concentration under reduced pressure, the residue was subjected to separation and purification using 
30 column chromatography (ethyl acetate/hexane 1 : 2) to obtain crude methyl 7-[[2-(2-propoxyethoxy)benzyl]oxy]-1 ,1 -di- 
oxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (1 .04 g). 

[0459] Into a solution of crude methyl 7-[[2-(2-propoxyethoxy)benzyl]oxy]-1 ,1-dioxo-2, 3-dihydro-1 -benzothiepine- 
4-carboxylate in THF-methanol (10-5 ml) was added at room temperature an aqueous solution (2.1 ml) of potassium 
carbonate (622 mg), and the resulting mixture was stirred at 60°C for 24 hours. After cooling to room temperature, the 

35 reaction mixture was extracted with ethyl acetate. To the aqueous layer was added 1 N hydrochloric acid (1 0 ml), and 
the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution 
of sodium chloride, and was dried with magnesium sulfate. The resulting organic layer was concentrated under reduced 
pressure to obtain 7-[[2-(2-propoxyethoxy)benzyl]oxy]-1 ,1-dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylaic acid (136 
mg) as a yellow amorphous substance. 

40 1 H-NMR (200 MHz, CDCI 3 ) 5 0.91 (3H, t, J = 7.5 Hz), 1.55-1.65 (2H, m), 3.05-3.12 (2H, m), 3.48 (2H, t, J = 6.6 

Hz), 3.59-3.66 (2H, m), 3.78-3.83 (2H, m), 4.17-4.24 (2H, m), 5.24 (2H, s), 6.92-7.03 (2H, m), 7.09-7.12 (2H, m), 
7.28-7.41 (2H, m), 7.87 (1H, s), 8.09 (1H, d, J = 9.4 Hz). 

Reference Example 118 

45 

[0460] A mixture (50 ml) of 4-hydroxybenzyl alcohol (1 .5 g), 1 -bromopropane (1 .3 ml), potassium carbonate (2.5 g) 
and acetone (50 ml) was stirred at 60 D C for 8 hours. After concentration under reduced pressure, the residue was 
mixed with water and was extracted with ethyl acetate. The organic layer was washed with a 1N aqueous solution of 
sodium hydroxide and an aqueous saturated solution of sodium chloride, and was dried with magnesium sulfate. The 
so resulting organic layer was concentrated under reduced pressure to obtain 4-propoxybenzy I alcohol (1 .37g)as a yellow 
oily substance. 

1 H-NMR (200 MHz, CDCI3) 5 1 .04 (3H, t, J = 7.3 Hz), 1.52 (1H, t, J = 5.4 Hz), 1.72-1 .90 (2H, m), 3.93 (2H, t, J 
= 6.6 Hz), 4.62 (2H, d, J = 5.4 Hz), 6.89 (2H, d, J = 8.8 Hz), 7.29 (2H, d, J = 8.8 Hz). 

55 Reference Example 119 

[0461] Into a solution of methyl 7-hydroxy-1,1-dioxo-2 l 3-dihydro-1-benzothiepine-4-carboxylate (400 mg), 4-pro- 
poxybenzyl alcohol (495 mg) and triphenylphosphine (782 mg) in THF (10 ml) was added at 0°C diethyl azodicarbo- 
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xylate (a 40% solution in toluene, 1.36 ml), and the resulting mixture was stirred at room temperature for 64 hours. 
After concentration under reduced pressure, the residue was subjected to separation and purification using column 
chromatography (ethyl acetate/hexane 1 : 2) to obtain methyl /^-(prcpoxybenzyOoxyJ-l.l-dioxo^.S-dihydro-l-ben- 
zothiepine-4-carboxylate (500 m g). 
[0462] Into a solution of methyl 7^4-(propox^^ 

m g) in THF-methanol (1 0-5 ml) was added at room temperature an aqueous solution (1 .7 ml) of potassium carbonate 
(498 mg), and the resulting mixture was stirred at 60°C for 24 hours. After cooling to room temperature, the reaction 
mixture was extracted with ethyl acetate. To the aqueous layer was added 1 N hydrochloric acid (10 ml), and the 
resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution 
of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the precipitated 
crystals were collected by filtration. The crystals were washed with diisopropyl ether to obtain 7-[(4-(propoxybenzyl) 
oxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (255 mg) as light yellow crystals 
M. p. 250-254°C 

1 H-NMR (200 MHz, DMSO-d 6 ) 5 0.97 (3H, t, J = 7.3 Hz), 1.63-1.81 (2H, m), 2.90 (2H, t, J = 6 6 Hz) 3 78 (2H t 
15 J = 6.6 Hz), 3.93 (2H, t, J = 6.6 Hz), 5.15 (2H, s), 6.95 (2H, d, J = 8.8 Hz), 7.20 (1H, dd, J = 8.8, 2.6 Hz), 7.36-7.40 
(3H, m), 7.71 (1 H, s), 7.93 (1 H, d, J = 8.8 Hz). 

IR (KBr) 3075, 1674, 1597, 1566, 1512, 1416, 1294, 1277, 1163, 1128, 1069cm-l. 
[0463] Elemental Analysis. Calcd. for C^H^C^S: C, 62.67; H, 5.51 . Found: C t 62.36; H, 5.60. 

20 Reference Example 1 20 

[0464] Into a solution of 2-ethoxybenzyl alcohol (0.46 g) in THF (10 ml) were added at room temperature thionyl 
chloride (0.44 ml) and pyridine (one drop), and the resulting mixture was stirred for 2 hours. After concentration under 
reduced pressure, into a solution of the residue in DMF (1 0 ml) were added methyl 7-hydroxy-1 ,1 -dioxo-2,3-dihydro- 
1-benzothiepine-4-carboxylate (400 mg) and potassium carbonate (615 mg), and the resulting mixture was stirred at 
60°C for 20 hours. The reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer 
was washed with water and an aqueous saturated solution of sodium chloride, and was dried with magnesium sulfate 
After concentration under reduced pressure, the residue was subjected to separation and purification using column 
chromatography (ethyl acetate : hexane 1 : 2) to obtain methyl 7-[[2-(ethoxybenzyI)oxy3-1,1-dioxo-2,3-dihydro-1-ben- 
zo-hiepine-4-carboxyIate (249 mg) as orange crystals. 

[0465] Into a solution of methyl 7-[(2-ethoxybenzyl)oxy]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (220 
mg) in THF-methanol (5-2.5 ml) was added at room temperature an aqueous solution (1 .0 ml) of potassium carbonate 
(151 mg), and the resulting mixture was stirred at 60°C for 20 hours. After cooling to room temperature, the reaction 
mixture was mixed with 1 N hydrochloric acid (10 ml) and was extracted with ethyl acetate. The organic layer was 
washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concen- 
tration under reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with 
diisopropyl ether to obtain 7-[(2-ethoxybenzyl) oxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (1 56 mq) 
as colorless crystals. 
M. p. 158 - 160°C 

1 H-NMR (200 MHz, DMSO-oy 6 1.32 (3H, t, J = 6.9 Hz), 2.87-2.93 (2H, m), 3.65-3.71 (2H m)410(2Hq J, 
6.9 Hz), 5.19 (2H, s), 6.92-7.07 (2H, m), 7.20 (1H, dd, J = 8.6, 2.6 Hz), 7.30-7.41 (3H, m), 7.72 (1H, s), 7.94 (1H d J 
= 8.6 Hz). 1 ' 

IR (KBr) 3076, 1690, 1591, 1564, 1494, 1292, 1281, 1246, 1165, 1128, 1069 cm" 1 . 
[0466] Elemental Analysis. Calcd. for C^H^OeS-O^ H 2 0: C, 61 .27; H, 5.24. Found: C, 61 .1 8; H, 5.1 7. 

Reference Example 1 21 

[0467] Into a solution of 2-methoxybenzy! alcohol (0.42 g) in THF (1 0 ml) were added at room temperature thionyl 
chloride (0.44 ml) and pyridine (one drop), and the resulting mixture was stirred for one hour. After concentration under 
reduced pressure, into a solution of the residue in DMF (10 ml) was added methyl 7-hydroxy-1,1-dioxo-2,3-dihydro- 
1-benzothiepine-4-carboxylate (400 mg) and potassium carbonate (830 mg), and the resulting mixture was stirred at 
60°C for 1 6 hours. The reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer 
was washed with water and an aqueous saturated solution of sodium chloride, and was dried with magnesium sulfate 
After concentration under reduced pressure, the residue was subjected to separation and purification using column 
chromatography (ethyl acetate : hexane 1 : 2) to obtain methyl 7-[[2-(ethoxybenzyl)oxy]-1,1-dioxo-2,3-dihydro-1-ben- 
zothiepine-4-carboxylate (250 mg) as orange crystals. 

[0468] Into a solution of methyl 7-[(2-methoxybenzyl)oxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (230 
mg) in THF-methanol (5-2.5 ml) was added at room temperature an aqueous solution (1 .0 ml) of potassium carbonate 
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(1 64 mg), and the resulting mixture was stirred at 60°C for 20 hours. After cooling to room temperature, the reaction 
mixture was mixed with 1 N hydrochloric acid (10 ml) and was extracted with ethyl acetate. The organic layer was 
washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concen- 
tration under reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with 
5 diisopropyl ether to obtain Z^-methoxybenzyOoxyJ-l.l-dioxo-a.a-dihydro-l-benzothiepine^-carboxylic acid (172 
mg) as colorless crystals. 
M. p. 168-1 71 °C 

1 H-NMR (200 MHz, DMSO-cy 5 2.90 (2H ( t, J = 6.4 Hz), 3.68 (2H, t, J = 6.4 Hz), 3.83 (3H, s), 5.19 (2H, s), 6.98 
(1H, t, J = 7.3 Hz), 7.07 (1H, d, J = 7.8 Hz), 7.21 (1H, dd, J = 8.8, 2.4 Hz), 7.32-7.44 (3H, m), 7.73 (1H, S), 7.94 (1H, 
10 d, J = 8.8 Hz). 

IR (KBr) 3185, 1676, 1588, 1497, 1325, 1296, 1283, 1252, 1165, 1128 crrrl. 
[0469] Elemental Analysis. Calcd. for C 19 H l8 O6S.0.25 H z O: C, 60.23; H, 4.92. Found: C, 60.02; H, 5.20. 

Reference Example 122 

15 

[0470] A mixture of methyl 7-hydroxy-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (400 mg), 2-chlorobenzyl 
chloride (0.25 ml), potassium carbonate (309 mg) and DMF (1 0 ml) was stirred at 60°C for 5 hours. The reaction mixture 
was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated 
solution of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the 
20 residue was subjected to separation and purification using column chromatography (ethyl acetate/hexane 1 : 2) to 
obtain methyl 7-[(2^hlorobenzyl)oxy]-1,1-dioxo-2 l 3-dihydro-1-benzothiepine-4-carboxylate (413 mg) as colcriess 
crystals. 

M.p. 182-184°C 

1 H-NMR (200 MHz, CDCI3) 53.04-3.11 (2H, m), 3.59-3.66 (2H, m), 3.86 (3H, s), 5.25 (2H, s), 7.04-7.09 (2H, m), 
25 7.29-7.36 (2H, m), 7.40-7.53 (2H, m), 7.79 (1H, s), 8.12 (1H, d, J = 8.4 Hz). 

IR (KBr) 1701, 1583, 1433, 1329, 1312, 1285, 1260, 1167, 1128 cm" 1 . 
[0471] Elemental Analysis. Calcd. for C 19 H 17 0 5 SCI: C, 58.09; H, 4.36. Found: C, 57.84; H, 4.42. 

Reference Example 1 23 

30 

[0472] Into a solution of methyl 7-l(2-chlorobenzyl)oxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (350 
mg) in THF-methanol (7-3.5 ml) was added at room temperature a 2 M aqueous solution of potassium carbonate (0.9 
mg), and the resulting mixture was stirred at 65°C for 20 hours. After cooling to room temperature, the reaction mixture 
was mixed with 1 N hydrochloric acid (1 0 ml) and was extracted with ethyl acetate. The organic layer was washed with 
35 an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under 
reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with diisopropyl ether 
to obtain 7-[(2-chlorobenzyl)oxy]-1 ,1 -dioxo-2, 3-dihydro-1 -benzothiepine-4-carboxylic acid (303 mg) as colorless crys- 
tals. 

M. p. 238-241 °C 

40 1H-NMR (200 MHz, DMSO-d 6 ) 6 2.88 (2H, m), 3.66-3.73 (2H, m), 5.30 (2H, s), 7.25 (1H, dd, J = 8.8, 2.6 Hz), 

7.40-7.66 (5H, m), 7.74 (1H, s), 7.97 (1H, d, J = 8.8 Hz). 

IR (KBr) 3086, 1672, 1590, 1318, 1296, 1260, 1167, 1127 cm-1. 
[0473] Elemental Analysis. Calcd. for C 18 H 15 0 5 SCI: C, 57.07; H, 3.99. Found: C, 56.81 ; H, 4.12. 

45 Reference Example 124 

[0474] A mixture of 2-hydroxybenzyl alcohol (2.00 g), 2-bromoethyl ethyl ether (2.7 ml), potassium carbonate (4.45 
g) and DMF (20 ml) was stirred at 90°C for 3 days. The reaction mixture was mixed with water and was extracted with 
ethyl acetate. The organic layer was washed with a 1 N aqueous solution of sodium hydroxide and an aqueous saturated 

so solution of sodium chloride, and was dried with magnesium sulfate. After concentration under reduced pressure, the 
residue was subjected to purification using column chromatography (ethyl acetate : hexane 1 : 2) to obtain 2-(2-ethox- 
yethoxy)benzyl alcohol (2.30 g) as a light yellow oily substance. 

1 H-NMR (200 MHz, CDCI 3 ) 6 1.23 (3H, t, J = 7.0 Hz), 3.58 (2H, q, J = 7.0 Hz), 3.76-3.81 (2H, m), 4.19-4.24 (2H, 
m), 4.67 (2H, s), 6.89-6.99 (2F, m), 7.22-7.31 (2H, m). 

55 |R (neat): 3441, 1603, 1590, 1493, 1453, 1244, 1119, 1049 cnv 1 . 
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Reference Example 125 



[0475] Into a solution of 2-(2-ethoxyethoxy)benzyl alcohol (0.60 g) in toluene (5 ml) were added at room temperature 
thionyl chloride (0.33 ml) and pyridine (one drop), and the resulting mixture was stirred for one hour. The reaction 
mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous 
saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pres- 
sure, into a solution of the residue in DMF (1 0 ml) were added methyl 7-hydroxy-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine- 
4-carboxylate (400 mg) and potassium carbonate (415 mg), and the resulting mixture was stirred at 65°C for 3 hours. 
The reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with 
water and an aqueous saturated solution of sodium chloride, and was dried with magnesium sulfate. After concentration 
under reduced pressure, the residue was subjected to separation and purification using coiumn chromatography (ethyl 
acetate : hexane 1 : 2 -» 1 : 1) to obtain methyl 7-[[2-(2-ethoxyethoxy)benzyi)oxy]-1 t 1-dioxo-2 f 3-dihydro-1-benzothie. 
pine-4-carboxyJate (0.64 g) as a light yellow, oily substance. 

[0476] Into a solution of methyl 7-[[2-(2-ethoxyethoxy)benzyl]oxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carbox- 
ylate (0.64 g) in THF-methanol (6-3 ml) was added at room temperature a 1 M aqueous solution of potassium carbonate 
(2.9 ml), and the resulting mixture was stirred at 60°C for 20 hours. After cooling to room temperature, the reaction 
mixture was extracted with ethyl acetate. To the aqueous layer was added 1 N hydrochloric acid (10 ml), and the 
resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution 
of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the precipitated 
crystals were collected by filtration. The crystals were washed with diisopropyl ether to obtain 7-[[2-(2-ethoxyethoxy) 
benzyl]oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (385 mg) as light yellow crystals 
M.p. 134-136°C 

1 H-NMR (200 MHz, DMSO-d 6 ) 8 1 .04 (3H, t, J = 7.0 Hz), 2.90 (2H, t, J = 6.4 Hz), 3.46 (2H, q, J = 7.0 Hz) 3 65-3 71 
(4H, m), 4.14-4.16 (2H, m), 5.20 (2H, s), 6.95-7.10 (2H, m), 7.21 (1H, dd, J = 8.8, 2.6 Hz), 7.30-7.44 (3H, m). 7 72 (1H 
s),7.94(1H,d, J = 8.8 Hz). ' V ' 

IR (KBr) 3447, 1686, 1622, 1586, 1281, 1250, 1163, 1127 cm" 1 . 
[0477] Elemental Analysis. Calcd. for C^H^OtS: C, 61 .10; H, 5.59. Found: C, 60.90; H, 5.72. 

Reference Example 1 26 



[0478] A mixture of 2-hydroxyphenethyi alcohol (1 .50 g), bromopropane (1 .3 ml, 14.9 mmol), potassium carbonate 
(2.25 g) and acetone (50 mi) was heated at reflux for 3 days. After concentration under reduced pressure, the residue 
was mixed with water and was extracted with ethyl acetate. The organic layer was washed with a 1 N aqueous solution 
of sodium hydroxide and an aqueous saturated solution of sodium chioride, and was dried with magnesium sulfate. 
The resulting organic layer was concentrated under reduced pressure to obtain 3-propoxyphen ethyl alcohol (1 .70 g) 
as a light yellow, oily substance. 

1 H-NMR (200 MHz, CDCI 3 ) 8 1.04 (3H, t, J = 7.3 Hz), 1.40 (1H, t, J = 5.8 Hz), 1.72-1.80 (2H, m), 2.84 (2H t J 
= 6.4 Hz), 3.82-3.95 (4H, m), 6.74-6.82 (3H, m), 7.18-7.26 (1H, m). 

IR (neat) 3289, 1601, 1583, 1487, 1449, 1392, 1259, 1157, 1047, 779, 696 crrr^. 

Reference Example 127 

[0479] Into a solution of 3-propoxyphenethyl alcohol (0.54 g) and triethylamine (0.84 ml) in THF (10 ml) was added 
at 0°C methanesuifonyl chloride (0.35 ml), and the resulting mixture was stirred for one hour. The reaction mixture was 
mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated 
solution of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure into 
a solution of the residue in DMF (10 ml) were added methyl 7-hydroxy-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-car- 
boxylate (400 mg) and potassium carbonate (0.48 g), and the resulting mixture was stirred at 70°C for 5 hours. The 
reaction mixture was mixed with water and was extracted with ethyj acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure, the residue was subjected to separation and purification using column chromatography (ethyl acetate/ 
hexane 1 : 2) to obtain methyl 7-[(3-(propoxyphenethyl)oxy)-1,1-dioxo-2 I 3-dihydro-1-benzothiepine-4-carboxylate 
(0.42 g) as a light yellow, oily substance. 

[0480] Into a solution of methyl 7-[(3-(propoxyphenethyl)oxy)-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate 
(0.42 g) in THF-methanol (10-5 ml) was added at room temperature a 1 M aqueous solution of potassium carbonate 
(2 ml), and the resulting mixture was stirred at 65°C for 24 hours. After cooling to room temperature, 1 N hydrochloric 
acid was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed with 
an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under 
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reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with hexane to obtain 
the objective substance (291 mg) as brown crystals. 
M. p. 86-3B°C 

1 H-NMR (200 MHz, DMSO-dg) 8 0.97 (3H, t, J = 7.3 Hz), 1 .63-1 .81 (2H, m), 2.89 (2H, t, J = 7.0 Hz), 3.03 (2H, t, 
5 J = 6.8 Hz), 3.67 (2H, t, J = 6.8 Hz), 3.91 (2H, t, J = 6.4 Hz), 4.33 (2H, t, J = 7.0 Hz), 6.76-6.81 (1 H, m), 6.86-6.90 (2H, 
m), 7.12-7.25 (2H, m), 7.34 (1H, d, J = 2.6 Hz), 7.92 (1H, d, J = 8.6 Hz). 

IR (KBr) 3466, 1682, 1588, 1291, 1260, 1161, 1127, 1067 cm' 1 . 
[0481] Elemental Analysis. Calcd. for C^H^OeS-O^S H 2 0: C, 62.77; H, 5.87. Found: C, 62.66; H, 5.83. 

10 Reference Example 1 28 

[0482] A mixture of 2-hydroxyphenethyl alcohol (1 .5 g), 1 -bromopropane (1 .3 ml), potassium carbonate (2.25 g) and 
acetone (50 ml) was stirred at 60°C for 64 hours. After concentration under reduced pressure, the residue was mixed 
with water and was extracted with ethyl acetate. The organic layer was washed with a 1 N aqueous solution of sodium 
15 hydroxide and an aqueous saturated solution of sodium chloride, and was dried with magnesium sulfate. The resulting 
organic layer was concentrated under reduced pressure to obtain 2-propoxyphenethyl alcohol (2.02 g) as a yellow oily 
substance. 

1 H«NMR (200 MHz, CDCI 3 ) 8 1.06 (3H, t, J = 7.5 Hz), 1 .68-1 .92 (3H, m), 2.93 (2H, t, J = 6.4 Hz), 3.81-3.87 (2H, 
m), 3.95 (2H, t, J = 6.4 Hz), 6.84-6.94 (2H, m), 7.15-7.25 (2H, m). 
20 |R (neat) 3343, 1601, 1494, 1474, 1454, 1242, 1119, 1049, 1019, 982, 752 cm- 1 . 

Reference Example 129 

[0483] Into a solution of 2-propoxyphenethyl alcohol (0.54 g) and triethylamine (0.84 ml) in THF (10 ml) was added 

25 at 0°C methanesulfonyl chloride (0.35 ml), and the resulting mixture was stirred for 1 .5 hour. The reaction mixture was 
mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated 
solution of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, into 
a solution of the residue in DMF (10 ml) were added methyl 7-hydroxy-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-car- 
boxylate (400 mg) and potassium carbonate (414 mg), and the resulting mixture was stirred at 60°C for 22 hours. The 

30 reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium -sulfate. After concentration under re- 
duced pressure, the residue was subjected to separation and purification using column chromatography (ethyl acetate/ 
hexane 1 : 2) to obtain methyl 7-[(2-(propoxyphenethyl)oxy)-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate 
(0.31 g) as a light yellow, oily substance. 

35 [0484] Into a solution of methyl 7-[(2-(propoxyphenethyl)oxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate 
(0.31 g) in THF-methanol (10-5 ml) was added at room temperature a 1 M aqueous solution of potassium carbonate 
(1.5 ml), and the resulting mixture was stirred at 65°C for 24 hours. After cooling to room temperature, the reaction 
mixture was extracted with ethyl acetate. To the aqueous layer was added 1 N hydrochloric acid (10 ml), and the 
resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution 

40 of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the precipitated 
crystals were collected by filtration. The crystals were washed with diisopropyl ether to obtain 7-[(2-(propoxyphenethyl) 
oxy)-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid (136 mg) as colorless crystals. 
M. p. 184-186°C 

1 H-NMR (200 MHz, DMSO-d 6 ) 8 0.99 (3H, t, J = 7.5 Hz), 1.65-1.81 (2H, m), 2.B5-2.94 (2H, m), 3.01-3.09 (2H, 
45 m ), 3.62-3.70 (2H, m), 3.96 (2H, t, J = 6.4 Hz), 4.25-4.32 (2H, m), 6.83-6.98 (2H, m), 7.12-7.32 (4H, m), 7.72 (1 H, s), 
7.92(1H,d,J = 6.8 Hz). 

IR (KBr) 1674, 1588, 1291, 1252, 1167, 1127 cm' 1 . 
[0485] Elemental Analysis. Calcd. for C^H^OgS: C, 63.44; H, 5.81 . Found: C, 63.06; H, 5.97. 

so Reference Example 130 

[0486] A mixture of 4-hydroxybenzyl alcohol (3.00 g), 2-bromoethyl ethyl ether (4.1 ml), potassium carbonate (6.68 
g) and DMF (30 ml) was stirred at 90° C for 3 days. The reaction mixture was mixed with water and was extracted with 
ethyl acetate. The organic layer was washed with a 1 N aqueous solution of sodium hydroxide and an aqueous saturated 
55 solution of sodium chloride, and was dried with magnesium sulfate. After concentration under reduced pressure, the 
residue was subjected to separation and purification using column chromatography (ethyl acetate/hexane 1:2—^1: 
1) to obtain 4-(2-ethoxyethoxy)benzyl alcohol (2.45 g) as a light yellow, oily substance. 

1 H-NMR (200 MHz, CDCy 5 1 .25 (3H, t, J = 7.0 Hz), 1 .56 (1 H, t, J = 5.4 Hz), 3.61 (2H, q, J = 7.0 Hz), 3.77-3.82 
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(2H, m), 4.10-4.15 (2H, m), 4.62 (2H, d, J = 5.4 Hz), 6.92 (2H, d, J = 8.6 Hz), 7.29 (2H, d, J = 8.6 Hz) 
IR (neat) 3385, 1613, 1514, 1248, 1175, 1117, 1065 om\ 

Reference Example 131 

[0487] Into a solution of 4-(2-ethoxyethoxy)benzyl alcohol (0.60 g) in toluene (5 ml) were added at room temperature 
thionyl chloride (0.33 ml) and pyridine (one drop), and the resulting mixture was stirred for 2 hours. The reaction mixture 
was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous solution 
of sodium bicarbonate and an aqueous saturated solution of sodium chloride, and was dried with magnesium sulfate. 
After concentration under reduced pressure, into a solution of the residue in DMF (1 0 ml) were added methyl 7-hydroxy- 
1,1-dioxo-2,3-dihydro-1.benzothiepine-4-carboxylate (400 mg) and potassium carbonate (414 mg), and the resulting 
mixture was stirred at 70°C for 3 hours. The reaction mixture was mixed with water and was extracted with ethyl acetate. 
The organic layer was washed with an aqueous saturated solution of sodium chloride and was dried with magnesium 
sulfate. After concentration under reduced pressure, the residue was subjected to separation and purification using 
column chromatography (ethyl acetate : hexane 1 : 2) to obtain methyl 7-[[4-(2-ethoxyethoxy)benzyl]oxy]-1,1-dioxo- 
2,3-dihydro-1-benzothiepine-4-carboxylate (0.59 g) as-a light yellow, oily substance. 

[0488] Into a solution of methyl 7-[[4-(2-ethoxyethoxy)benzyl]oxy]-1 ,1 -dioxo«2,3-dihydro-1 -benzothiepine-4-carbox- 
ylate (0.59 g) in THF-methanol (10-5 ml) was added at room temperature a 1 M aqueous solution of potassium car- 
bonate (2.6 ml), and the resulting mixture was stirred at 65°C for 24 hours. Into this reaction mixture was added further 
a 1 M aqueous solution of potassium carbonate (1 .3 ml), and the resulting mixture was stirred at 65°C for 16 hours. 
After cooling to room temperature, the reaction mixture was extracted with ethyl acetate. To the aqueous layer was 
added 1 N hydrochloric acid (1 0 ml), and the resulting mixture was extracted with ethyl acetate. The organic layer was 
washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concen- 
tration under reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with 
diisopropyl ether to obtain 7-[[4-(2-ethoxyethoxy)benzyl]oxy]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid 
(21 5 mg) as light yellow crystals. 
M. p. 256-256°C 

1H-NMR (200 MHz, DMSO-d 6 ) 5 1 .14 (3H, t, J = 7.0 Hz), 2.90 (2H, t, J = 6.2 Hz), 3.50 (2H, q, J = 7.0 Hz), 3 65-3 71 
(4H,m), 4.07-4.11 (2H, m), 5.16 (2H, s), 6.97 (2H, d, J = 8.4 Hz), 7.21 1H, dd, J = 8.8, 2.6 Hz), 7.37-7.41 (3H m) 7 72 
30 (1H,s),7.93(1H,d,J=8.8Hz). . 1 ' 

IR (KBr) 3073, 1672, 1620, 1595, 1566, 1512, 1415, 1292, 1269, 1223, 1161, 1123, 1067 cm-\ 
[0489] Elemental Analysis. Calcd. for C^^S-O^S H 2 0: C, 60.47; H, 5.65. Found: C, 60.40; H, 5.62. 

Reference Example 132 

35 

[0490] A mixture of 4-hydroxybenzyl alcohol (3.00 g), 2-bromoethyl propyl ether (4.0 ml), sodium iodide (4.75 g), 
potassium carbonate (6.68 g and DMF (30 ml) was stirred at 90°C for 3 days. The reaction mixture was mixed with 
water, and was extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated 
solution of sodium chloride, and was dried with magnesium sulfate. After concentration under reduced pressure, the 
residue was subjected to separation and purification using column chromatography (ethyl acetate : hexane 1:2-^1: 
1 ) to obtain 4-(2-propoxyethoxy)benzyl alcohol (2.27 g) as a light yellow, oily substance. 

1 H-NMR (200 MHz, CDCy 6 0.93 (3H, t, J = 7.5 Hz), 1 .52-1 .69 (3H, m), 3.50 (2H, t, J = 6.8 Hz) 3 79 (2H t J 
= 4.9 Hz), 4.13 (2H, t, J = 4.9 Hz), 4.62 (2H, d, J = 6.0 Hz), 6.92 (2H, d, J = 8.6 Hz), 7.28 (2H, d, J = 8 6 Hz) 
IR (neat) 3382, 1613, 1586, 1514, 1456, 1302, 1246, 1175, 1125, 1065, 1022, 1069, 993, 824 cm" 1 . 

Reference Example 133 

[0491 ] Into a solution of 4-(2-propoxyethoxy)benzyl alcohol (0.63 g) in toluene (5 ml) were added at room temperature 
thionyl chloride (0.33 ml) and pyridine (one drop), and the resulting mixture was stirred for 1.5 hours. The reaction 
mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous 
solution of sodium bicarbonate and an aqueous saturated solution of sodium chloride, and was dried with magnesium 
sulfate. After concentration under reduced pressure, into a solution of the residue in DMF (10 ml) were added methyl 
7-hydroxy-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (400 mg) and potassium carbonate (41 4 mg), and the 
resulting mixture was stirred at 65°C for 2 hours. The reaction mixture was mixed with water and was extracted with 
ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride and was dried with 
magnesium sulfate. After concentration under reduced pressure, the residue was subjected to separation and purifi- 
cation using column chromatography (ethyl acetate : hexane = 1 : 2) to obtain methyl 7-[[4-(2-propoxyethoxy)benzyl] 
oxy]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (0.54 g) as a light yellow, oily substance. 
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[0492] Into a solution of methyl 7-[[4-(2-propoxyethoxy)benzyl]oxy]-1 J-dioxo-2,3-dihydro-1-benzothiepine-4-car- 
boxylate (0.54 g) in THF-methanol (10-5 ml) was added at room temperature 2.4 ml of a 1 M aqueous solution of 
potassium carbonate (2.6 mmol), and the resulting mixture was stirred at 65°C for 20 hours. After cooling to room 
temperature, the reaction mixture was extracted with ethyl acetate. To the aqueous layer was added 1 N hydrochloric 

s acid (10 ml), and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous 
saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pres- 
sure, the precipitated crystals were collected by filtration. The crystals were washed with diisopropyl ether to obtain 
7-n4-(2^ropoxyethoxy)bei^ (321 mg) as light yellow 

crystals. 

10 . M. p. 244-250°C 

1 H-NMR (200 MHz, DMSO-d 6 ) 8 0.87 (3H, t, J = 7.5 Hz), 1 .44-1.61 (2H, m), 2.90 (2H, t, J = 6.7 Hz), 3.41 (2H, t, 
J = 6.6 Hz), 3.64-3.72 (4H, m), 4.07-4.12 (2H, m), 5.16 (2H, s), 6.97 (2H, d, J = 8.4 Hz), 7.20 (1H, dd, J = 8.4, 2.4 Hz), 
7.37-7.41 (3H, m), 7.72 (1H, s), 7.93 (1H, d, J = 8.4 Hz). 

IR (KBr)3418, 1688, 1615, 1588, 1566, 1514, 1417, 1292, 1250, 1163, 1128 cm" 1 . 

is [0493] Elemental Analysis. Calcd. for C23H26O7S.O.5 H 2 0: C, 60.65; H, 5.97. Found: C, 60.61 ; H, 5.75. 

Reference Example 134 

[0494] To protocatechualdehyde (4.45 g) dissolved in dimethylformamide (65 ml) were added 1 -propylbromide (9.91 
20 g) and potassium carbonate (13.4 g), and the resulting mixture was stirred at room temperature for 19 hours. The 
reaction mixture was diluted with ethyl acetate, washed respectively with water, a 1 N aqueous solution of sodium 
hydroxide, water and an aqueous saturated solution of sodium chloride, and the organic layer was dried with anhydrous 
magnesium sulfate. After concentration under reduced pressure to remove the solvent, the residue was subjected to 
purification using silica gel column chromatography (hexane : ethyl acetate = 4 : 1) to obtain 3,4-dipropoxybenzalde- 
25 hyde (6.72 g) as a yellow oil. 

1 H-NMR (200 MHz, CDCI3) 6 1 .06 (3H, t, J = 7.5 Hz), 1.07 (3H, t, J = 7.4 Hz), 1 .88 (2H, sextet, J = 7.1 Hz), 1 .89 
(2H, sextet, J = 7.1 Hz), 4.03 (2H, t, J = 6.6 Hz), 4.05 (2H, t, J = 6.6 Hz), 6.96 (1H, d, J « 8.4 Hz), 7.40 (1 H, s), 7.42 
(1H, dd, J = 8.4, 2.0 Hz), 9.83 (1H, s). 

30 Reference Example 1 35 

[0495] To a mixture of 3,4-dipropoxybenzaldehyde (6.65 g) and methanol (90 ml) was added sodium borohydride 
(1 .13 g) at 0°C. The resulting mixture was stirred at 0°C for 30 minutes. The reaction mixture was mixed with water 
and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium 
35 chloride and was dried with anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure to 
obtain 3,4-dipropoxybenzyl alcohol (6.22 g) as a yellow oily substance. 

1 H-NMR (200 MHz, CDCI3) 5 1 .040 (3H, t, J = 7.5 Hz), 1 .044 (3H, t, J = 7.4 Hz), 1 .60 (1 H, br s), 1 .84 (2H, sextet, 
J = 7.2 Hz), 1 .85 (2H, sextet, J = 7.1 Hz), 3.96 (2H, t, J = 6.5 Hz), 3.98 (2H, t, J = 6.6 Hz), 4.60 (2H, s), 6.86-6.93 (3H, m). 

40 Reference Example 1 36 

[0496] Into a solution of 3,4-dipropoxybenzyl alcohol (673 mg) in toluene (5 ml) were added at room temperature 
thionyl chloride (0.33 ml) and pyridine (one drop), and the resulting mixture was stirred for 2 hours. The reaction mixture 
was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous solution 

45 of sodium bicarbonate and an aqueous saturated solution of sodium chloride, and was dried with magnesium sulfate. 
After concentration under reduced pressure, into a solution of the residue in DMF (1 0 ml) were added methyl 7-hydroxy- 
1 .l-dioxo^.S-dihydro-l-benzothiepine^-carboxylate (400 mg) and potassium carbonate (414 mg), and the resulting 
mixture was stirred at 70° C for 5 hours. The reaction mixture was mixed with water and was extracted with ethyl acetate. 
The organic layer was washed with an aqueous saturated solution of sodium chloride and was dried with magnesium 

so sulfate. After concentration under reduced pressure, the residue was subjected to separation and purification using 
column chromatography (ethyl acetate : hexane 1 : 2) to obtain methyl 7-[3,4-dipropoxy]benzyl]oxy]-1,1-dioxo-2,3-di- 
hydro-1-benzothiepine-4-carboxylate (0.45 g) as a light yellow, oily substance. 

[0497] Into a solution of methyl 7-[3,4-dipropoxy]benzyl]oxy]-1,1-dioxo-2 l 3-dihydro-1-benzothiepine-4-carboxylate 
(0.45 g) in THF-methanol (5-2.5 ml) was added at room temperature a 1 M aqueous solution of potassium carbonate 
55 (2.0 ml), and the resulting mixture was stirred at 65°C for 24 hours. After cooling to room temperature, 1 N hydrochloric 
acid (1 0 ml) was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration 
under reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with diisopropyl 
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ether to obtain 7-[(3,4-dipropoxy)benzyJ]oxy]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4^carboxylic acid (306 mg) as 
colorless crystals. 

M. p. 147-150°C 

1 H-NMR (200 MHz, DMSC^ 8 0.98 (6H, t, J = 7.6 Hz), 1.63-1.81 (4H, m), 2.69-2.93 (2H, m), 3.64-3.71 (2H, 
m), 3.92 (2H, t, J = 6.6 Hz), 3.93 (2H, t, J = 6.4 Hz), 5.14 (2H, s), 6.90-7.02 (2H, m), 7.07 (1 H, s), 7.20 (1 H, dd, J = 8.8, 
2.6 Hz), 7.41 (1 H, d, J = 2.6 Hz), 7.72 (1 H, s), 7.94 (1 H, d, J = 8.8 Hz). 

IR (KBr)3076, 1674, 1593, 1566, 1512, 1294, 1275, 1256, 1163, 1128, 1067 cm* 1 . 
[0498] Elemental Analysis. Calcd. for C^H^S: C, 62.59; H, 6.13. Found: C, 62.36; H, 6.14. 

Reference Example 137 

[0499] A mixture of ethyl vanillin (5.0 g), 2-chloroethyl propyl ether (4.6 ml), sodium iodide (5.46 g), potassium car- 
bonate (6.23 g) and DMF (50 ml) was stirred at 90°C for 3 days. The reaction mixture was mixed with water and was 
extracted with ethyl acetate. The organic layer was washed with water and an aqueous saturated solution of sodium 
chloride, and was dried with magnesium sulfate. After concentration under reduced pressure, the residue was subjected 
to separation and purification using coiumn chromatography (ethyl acetate : hexane 1 : 2) to obtain 3-ethoxy-4-(2-pro- 
poxyethoxy)benzaldehyde (7.34 g) as a light yellow, oily substance. 

1 H-NMR (200 MHz, CDCI 3 ) 8 0.93 (3H, t, J = 7.4 Hz), 1.47 (3H, t, J = 7.0 Hz), 1.53-1.70 (2H, m), 3.53 (2H, t, J 
= 6.7 Hz), 3.86 (2H, t, J = 5.0 Hz), 4.1 4 (2H, q, J = 7.0 Hz), 4.26 (2H, t, J = 5.0 Hz), 7.02 (1 H, d, J = 8.0 Hz), 7.40-7.45 
(2H, m), 9.84(1 H,s). 

IR (neat) 1686, 1586, 1508, 1435, 1395, 1265, 1132, 1042 cm' 1 . 

Reference Example 138 

[0500] Into a solution of 3-ethoxy-4-(2-propoxyethoxy)benzaldehyde (7.34 g) in methanol (30 ml) was added at 0°C 
sodium borohydride (1.10 g), and the resulting mixture was stirred for one hour. After concentration under reduced 
pressure, 1 N hydrochloric acid was added to the reaction mixture, which was extracted with ethyl acetate. The organic 
layer was washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. The 
resulting organic layer was concentrated under reduced pressure to obtain 3-ethoxy-4-(2-propoxyethoxy)benzyl alco- 
hol (7.35 g) as a colorless oily substance. 

1 H-NMR (200 MHz, CDCI3) 8 0.93 (3H, t, J = 7.3 Hz), 1 .44 (3H, t, J = 6.9 Hz), 1 .62-1 .71 (3H, m), 3.51 (2H, t, J 
= 6.6 Hz), 3.81 (2H, t, J = 5.1 Hz), 4.04-4.1 9 (4H, m), 4.61 (2H, d, J = 5.8 Hz), 6.83-6.94 (3H, m). 

IR (neat) 3418, 1514, 1427, 1262, 1233, 1136, 1044cm"i. 

Reference Example 139 

[0501] Into a solution of 3-ethoxy-4-(2-propoxyethoxy)benzyl alcohol (0.76 g) in toluene (5 ml) were added at room 

temperature thionyl chloride (0.33 ml) and pyridine (one drop), and the resulting mixture was stirred for 2 hours. The 

reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an 

aqueous solution of sodium bicarbonate and an aqueous saturated solution of sodium chloride, and was dried with 

magnesium sulfate. After concentration under reduced pressure, into a solution of the residue in DMF (10 ml) were 

added methyl 7-hydroxy-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (400 mg) and potassium carbonate 

(414 mg), and the resulting mixture was stirred at 70°C for 2 hours. The reaction mixture was mixed with water and 

was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride 

and was dried with magnesium sulfate. After concentration under reduced pressure, the residue was subjected to 

separation and purification using column chromatography (ethyl acetate: hexane 1 : 2 -> 1 : 1) to obtain methyl 

7-[[3-ethoxy^-(propoxyethoxy)benzyl]oxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4<arboxylate (0.76 g) as a light 
yellow, oily substance. 

[0502] Into a solution of methyl 7-[[3-ethoxy-4-(propoxyethoxy)benzy!]oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine- 
4-carboxylate (0.76 g) in THF-methano! (1 0-5 ml) was added at room temperature a 1 M aqueous solution of potassium 
carbonate (3.0 ml), and the resulting mixture was stirred at 65°C for 20 hours. After cooling to room temperature, the 
reaction mixture was extracted with ethyl acetate. To the aqueous layer was added 1 N hydrochloric acid (10 ml),'and 
the resulting mixture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution 
of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the precipitated 
crystals were collected by filtration. The crystals were washed with diisopropyl ether to obtain 7-[[3-ethoxy-4-(2-propox- 
yethoxy)benzyl]oxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (1 78 mg) as yellow crystals. 

1 H-NMR (200 MHz, DMSO-d 6 ) 8 0.87 (3H, t, J = 7.3 Hz), 1 .32 (3H, t, J = 7.0 Hz), 1 .44-1 .62 (2H, m), 2.90 (2H, t, 
J = 6.2 Hz), 3.43 (2H, t, J = 6.6 Hz), 3.64-3.71 (4H, m), 3.98-4.10 (4H, m), 5.14 (2H, s), 6.94-7.01 (2H, m), 7.08 (1H, 
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s), 7.20 (1H, dd, J = 8.8, 2.6 Hz), 7.41 (1H, d, J = 2.6 Hz), 7.72 (1H, s), 7.94 (1H, d, J = 8.8 Hz). 
[0503] IR (KBr) 3422, 1674, 1593, 1568, 1514, 1294, 1258, 1163, 1128, 1065 cm' 1 . 

Reference Example 140 

5 

[0504] To a mixture of methyl 7-hydroxy-1 ,1 -dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (400 mg), 4-propox- 
yphenylboric acid (536 mg), cupric acetate (271 mg), MS (molecular sieves) 4A (1 .0 g) and dichloromethane (15 ml) 
was added at room temperature triethylamine (1 .04 ml), and the resulting mixture was stirred for 20 hours. The reaction 
mixture was filtered to remove an insoluble material and the filtrate was concentrated under reduced pressure. The 
10 residue was subjected to separation and purification using column chromatography (ethyl acetate : hexane 1 : 2) to 
obtain methyl 7-(4-propoxyphenoxy)-1,1-dioxo-2 l 3-dihydro-1-benzothiepine-4-carboxylate (0.31 g) as a light yellow, 
oily substance. 

1 H-NMR (200 MHz, CDCI3) 5 1 .06 (3H, t, J = 7.5 Hz), 1 .74-1 .90 (2H, m), 3.04-3.1 0 (2H, m), 3.59-3.65 (2H, m), 
3.84 (3H, s), 3.94 (2H, t, J = 6.4 Hz), 6.91-7.03 (6H, m), 7.70 (1H, s), 8.07 (1H, d, J = 8.8 Hz). 
15 |R (neat) 1715, 1590, 1566, 1505, 1472, 1435, 1323, 1294, 1279, 1240, 1202, 1125, 912, 839, 747 cm' 1 . 

Reference Example 141 

[0505] Into a solution of methyl 7-(4-propoxyphenoxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (0.31 g) 
20 in THF-methanol (5-2.5 ml) was added at room temperature a 1 M aqueous solution of potassium carbonate (1 .5 ml), 
and the resulting mixture was stirred at 65°C for 40 hours. After cooling to room temperature, 1 N hydrochloric acid 
(1 0 ml) was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed with 
an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under 
reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with diisopropyl ether 
25 to obtain 7-(4-propoxyphenoxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (226 mg) as light yellow crys- 
tals. 

M. p. 192-194°C 

1 H-NMR (200 MHz, DMSO-ds) 6 1 .00 (3H, t, J = 7.3 Hz), 1 .65-1 .83 (2H, m), 2.91 (2H, t, J = 6.7 Hz), 3.71 (2H, t, 
J = 6.7 Hz), 3.94 (2H, t, J = 6.4 Hz), 6.99-7.13 (5H, m), 7.27 (1H, d, J = 2.2 Hz), 7.66 (1H, s), 7.98 (1H, d, J = 8.8 Hz). 
30 IR (KBr) 1696, 1508, 1472, 1296, 1242, 1202, 1127 cm' 1 . 

[0506] Elemental Analysis. Calcd. for C^H^OeS-O.S H 2 0: C, 60.44; H, 5.33. Found: C, 60.43; H, 5.25. 

Reference Example 142 

35 [0507] To a mixture of methyl 7-hydroxy-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (400 mg), 3-propox- 
yphenylboric acid (536 mg), cupric acetate (271 mg), MS 4A (0.8 g) and dichloromethane (15 ml) was added at room 
temperature triethylamine (1 .04 ml), and the resulting mixture was stirred for 1 7 hours. The reaction mixture was filtered 
to remove an insoluble material and the filtrate was concentrated under reduced pressure. The residue was subjected 
to separation and purification using column chromatography (ethyl acetate : hexane 1 : 2) to obtain methyl 7-(3-pro- 

40 poxyphenoxy)-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (0.39 g) as a light yellow, oily substance. 

1H-NMR (200 MHz, CDCI 3 ) 5 1.04 (3H, t, J = 7.3 Hz), 1.72-1.90 (2H, m), 3.05-3.12 (2H, m), 3.59-3.66 (2H, m), 
3.84 (3H, s), 3.91 (2H, t, J = 6.6 Hz), 6.60-6.66 (2H, m), 6.76-6.82 (1 H, m), 7.04-7.09 (2H, m), 7.26-7.35 (1 H, m), 7.12 
(1H, s), 8.11 (1H,d, J = 9.0 Hz). 

IR(neat) 1715, 1609, 1586, 1566, 1487, 1472, 1435, 1321, 1277, 1242, 1215, 1163, 1128, 748 cm' 1 . 

45 

Reference Example 143 

[0508] Into a solution of methyl 7-(3-propoxyphenoxy)-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (0.53 g) 
in THF-methanol (10-5 ml) was added at room temperature a 1 M aqueous solution of potassium carbonate (2.6 ml), 

so and the resulting mixture was stirred at 65°C for 40 hours. After cooling to room temperature, 1 N hydrochloric acid 
(1 0 ml) was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed with 
an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under 
'reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with diisopropyl ether 
to obtain 7-(3-propoxyphenoxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (41 2 mg) as light yellow crys- 

55 tals. 

M. p. 180-181°C 

1 H-NMR (200 MHz, DMSO-de) 6 0.97 (3H, t, J = 7.3 Hz), 1.63-1.82 (2H, m), 2.88-2.95 (2H, m), 3.69-3.75 (2H, 
m), 3.93 (2H, t, J = 6.4 Hz), 6.65-6.76 (2H, m), 6.81-6.85 (1H, m), 7.11 (1H, dd, J = 8.8, 2.6 Hz), 7.31-7.40 (2H, m), 
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7.68 (1H,s), 8.00 (d, J = 8.8 Hz). 

IR (KBr) 3068, 1678, 1609, 1586, 1568, 1487, 1283, 1242, 1159, 1128, 1036 cm" 1 . 
[0509] Elemental Analysis. Calcd. for C^H^CeS: C, 61.84; H, 5.19. Found: C, 61.63; H, 5.16. 

5 Reference Example 144 



[051 0] To a mixture of methyl 7-hydroxy-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (0.40 g), 4-propylphe- 
nylborlc acid (0.49 g), cupric acetate (0.27 g), MS 4A (0.8 g) and dichloromethane (15 ml) was added at room temper- 
ature triethylamine (1 .04 ml), and the resulting mixture was stirred for 20 hours. The reaction mixture was filtered to 

io remove an insoluble material and the filtrate was concentrated under reduced pressure. The residue was subjected 
to separation and purification using column chromatography (ethyl acetate : hexane 1 : 2) to obtain methyl 7-(4-propyl- 
phenoxy)-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (0.40 g) as a light yellow, oily substance 

1 H-NMR (200 MHz, CDCI 3 ) 5 0.97 (3H, t, J = 7.1 Hz), 1.57-1.77 (6H, m), 2.62 (2H t t, J = 7.7 Hz), 3.04-3 11 (2H 
m), 3.59-3.66 (2H, m), 3.84 (3H, s), 6.96-7.05 (4H, m), 7.23 (2H, d, J = 8.4 Hz), 7.71 (1H, s), 8.09 (1H, d, J = 9.2 Hz)' 

15 |R (neat) 1714, 1586, 1564, 1505, 1323, 1294, 1279, 1252, 1215, 1167, 1127, 748 cnr*. 

Reference Example 145 



20 



25 



30 



35 



40 



45 



55 



[0511] Into a solution of methyl 7-(4-propylphenoxy)-1,1-dioxo-2 > 3-dihydro-1-benzothiepine.4-carboxylate (0.40 g) 
in THF-methanol (10-5 ml) was added at room temperature a 1 M aqueous solution of potassium carbonate (3.0 ml), 
and the resulting mixture was stirred at 65°C for 20 hours. After cooling to room temperature, 1 N hydrochloric acid 
(1 0 ml) was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed with 
an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under 
reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with hexane to obtain 
7-(4-propylphenoxy)-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid (254 mg) as light yellow crystals 
M. p. 147-149°C 7 

1 H-NMR (200 MHz, DMSO-d 6 ) 8 0.93 (3H, t, J = 7.4 Hz), 1 .52-1.71 (2H, m), 2.54-2.62 (2H, m), 2.88-2 94 (2H 
m), 3.68-3.75 (2H, m), 7.03-7.09 (3H, m), 7.29 (2H, d, J = 8.8 Hz), 7.33 (1H, d, J = 2.6 Hz), 7.66 (1H, s), 7.99 (1H, d,' 
J = 8.4 Hz). 

IR (KBr) 1692, 1588, 1566, 1505, 1294, 1254, 1211, 1167, 1127 cnr". 
[0512] Elemental Analysis. Calcd. for C^H^S: C, 64.50; H, 5.41 . Found: C, 64.32; H, 5.21 . 

Reference Example 146 

[0513] To a mixture of methyl 7-hydroxy-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (0 40 g) 3-ethoxy- 
4-(2-propoxyethoxy)phenylboric acid (0.80 g), cupric acetate (0.27 g), MS4A (0.8 g) and dichloromethane (15 ml) was 
added at room temperature triethylamine (1.04 ml), and the resulting mixture was stirred for 16 hours. The reaction 
mixture was filtered to remove an insoluble material and the filtrate was concentrated under reduced pressure. The 
residue was subjected to separation and purification using column chromatography (ethyl acetate : hexane 1 : 2 -> 2 • 

3) to obtain methyl 7-[3-ethoxy-4-(2-propoxyethoxy)phenoxyJ-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate 
(0.45 g) as a light yellow, oily substance. 

1H-IMMR (200 MHz, CDCy 5 0.95 (3H, t, J = 7.4 Hz), 1 .44 (3H, t, J = 7.0 Hz), 1 .56-1 .70 (2H, m), 3.04-3 11 (2H 
m), 3.53 (2H, t, J = 6.8 Hz), 3.58-3.65 (2H, m), 3.80-3.85 (5H, m), 4.03 (2H, q, j = 7.0 Hz), 4.1 7-4.22 (2H, m), 6 56-6 63 
(2H, m), 6.94-7.04 (3H, m), 7.70 (1 H, s), 8.08 (1 H, d, J = 8.4 Hz). 

IR (neat) 1715, 1588, 1566, 1507, 1480, 1321, 1277, 1244, 1219, 1165, 1127 cm""". 

Reference Example 147 

[0514] Into a solution of methyl 7-[3-ethoxy-4-(2-propoxyethoxy)phenoxy]-1,1-dioxo-2 ( 3-dihydro-1-benzothiepine- 
4-carboxylate (0.45 g) in THF-methanol (1 0-5 ml) was added at room temperature a 1 M aqueous solution of potassium 
carbonate (1 .8 ml), and the resulting mixture was stirred at 65°C for 20 hours. After cooling to room temperature, 1 N 
hydrochloric acid (10 ml) was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer 
was washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After con- 
centration under reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with 

hexane to obtain 7-[3-ethoxy-4-(2-propoxyethoxy)phenoxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid 
(283 mg) as light yellow crystals. 
M. p. 116-118°C 

1H-NMR (200 MHz, DMSO-de) 5 0.88 (3H, t, J = 7.5 Hz), 1 .31 (3H, t, J = 7.0 Hz), 1.44-1 .62 (2H, m), 2.85-2.96 
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(2H, m), 3.44 (2H, t, J = 6.6 Hz), 3.68-3.73 (4H, m), 4.01 (2H, q, J = 7.0 Hz), 4.08-4.12 (2H, m), 6.66 (1H, dd, J = 8.8, 
2.4 Hz), 6.82 (1H, d, J « 2.4 Hz), 7.01-7.07 (2H, m), 7.28 (1H, d, J = 2.6 Hz), 7.66 (1H, s), 7.98 (1H, d, J = 8.6 Hz). 

IR (KBr) 3397, 1694, 1593, 1562, 1507, 1291, 1248, 1223, 1128 cm" 1 . 
[05151 Elemental Analysis. Calcd. for C^H^OgS.O.S H 2 0: C, 59.37; H, 6.02. Found: C, 59.23; H, 6.03. 

5 

Reference Example 148 

[0516] Into a solution of 2-bromobenzyl alcohol (10.0 g) in THF (100 ml) was added at 0°C sodium hydride (60%, 
2.35 g), and the resulting mixture was stirred at room temperature for 2 hours. 1 -Bromopropane (5.8 ml) was added 

10 to the reaction mixture, which was stirred at 60 D C for 20 hours. The reaction mixture was mixed with water and was 
extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride and 
was dried with magnesium sulfate. After concentration under reduced pressure, the residue was subjected to separation 
and purification using column chromatography (ethyl acetate : hexane 1 : 9) to obtain 2-bromobenzyl propyl ether (7.88 
g) as a colorless oily substance. 

15 1 H-NMR (200 MHz, CDCI3) 6 0.97 (3H, t, J = 7.3 Hz), 1 .59-1 .77 (2H, m), 3.52 (2H, t, J = 6.6 Hz), 4.57 (2H, s), 

7.09-7.18 (1H, m), 7.28-7.35 (1H, m), 7.45-7.56 (2H, m). 

Reference Example 1 49 

20 [0517] To a mixture of magnesium (0.83 g) and THF (30 ml) was added 1 ,2-dibromoethane (0.1 ml) at room temper- 
ature and subsequently was added dropwise a solution of 2-bromobenzyl propyl ether (7.88 g) in THF (40 ml) at 60°C 
over a period of 30 minutes, under an argon atmosphere. After the dropwise addition, the resulting mixture was stirred 
further at 60°C for 2 hours and was then cooled to -78°C, and a solution of trimethylboric acid (12 ml) in THF (24 ml) 
was added dropwise. The resulting mixture was stirred at 78°C for one hour and then at room temperature for 1 0 hours. 

25 To the reaction mixture was added 1 N hydrochloric acid (1 00 mi), and the resulting mixture was stirred for 30 minutes 
and was then extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium 
chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the precipitated crystals 
were collected by filtration. The crystals were washed with hexane to obtain 2-propoxymethyiphenylboric acid (2.95 g) 
as colorless crystals. 

30 1 H-NMR (200 MHz, DMSO-d 6 ) 5 0.8B (3H, t, J = 7.3 Hz), 1 .44-1 .63 (2H, m), 3.38 (2H, t, J = 6.6 Hz), 4.57 (2H, 

s), 7.19-7.33 (3H, m), 7.51 (1H, d, J = 6.6 Hz). 

Reference Example 150 

35 [0518] To a mixture of methyl 7-hydroxy-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (0.40 g), 2-pro- 
poxymethylphenylboric acid (0.80 g), cupric acetate (0.27 g), MS 4A (0.8 g) and dichloromethane (15 ml) was added 
at room temperature triethylamine (1 .04 ml), and the resulting mixture was stirred for 20 hours. The reaction mixture 
was filtered to remove an insoluble material and the filtrate was concentrated under reduced pressure. The residue 
was subjected to separation and purification using column chromatography (ethyl acetate : hexane 1 : 2) to obtain 

40 methyl 7-(2-propoxymethylphenoxy)-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (0.13 g) as a light yellow, 
oily substance. 

1H-NMR (200 MHz, CDCI3) 8 0.86 (3H, t, J = 7.6 Hz), 1.44-1.62 (2H, m), 3.05-3.11 (2H, m), 3.39 (2H, t, J = 6.8 
Hz), 3.59-3.65 (2H, m), 3.84 (3H, s), 4.46 (2H, s), 6.97-7.02 (3H, m), 7.35-7.40 (2H, m), 7.5B (1 H, dd, J = 7.1, 2.1 Hz), 
7.70 (1H, s), 8.09 (1H, d, J = 9.6 Hz). 

45 

Reference Example 151 

[051 9] Into a solution of methyl 7-(2-propoxymethylphenoxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate 
(0.37 g) in THF-methanol (10-5 ml) was added at room temperature a 1 M aqueous solution of potassium carbonate 

so (1 .8 ml), and the resulting mixture was stirred at 65°C for 20 hours. After cooling to room temperature, 1 N hydrochloric 
acid (10 ml) was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration 
under reduced pressure, the precipitated crystals were collected by filtration. The crystals were washed with diisopropyl 
ether to obtain 7-(2-propoxymethylphenoxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (229 mg) as light 

55 yellow crystals. 

M. p. 139-141°C 

1 H-NMR (200 MHz, DMSO-d 6 ) 5 0.78 (3H t, J = 7.5 Hz), 1.32-1.50 (2H, m), 2.91 (2H, t, J = 6.3 Hz), 3.16-3.46 
(2H, m), 3.71 (2H, t, J = 6.3 Hz), 4.42 (2H, s), 7.00 (1H, dd, J = 8.4, 2.6 Hz), 7.09-7.14 (1H, m), 7.27 (1H, d, J = 2.6 
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Hz), 7.31-7.48 (2H, m), 7.55 (1H, dd, J = 7.4, 1.8 Hz), 7.65 (1H, s), 7.98 (1H, d, J = 8.4 Hz). 

IR (KBr) 1676, 1563, 1296, 1264, 1219, 1123 cm-"*. 
[0520] Elemental Analysis. Calcd. for C^H^S: C, 62.67; H, 5.51 . Found: C, 62.28; H, 5.79. 

Example 98 (Production of compound 99) 

[0521] Into a solution of 7-[[2-(2-propoxyethoxy)benzyl]oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic ac- 
id (136 mg) in THF (1 0 ml) were added at room temperature thionyl chloride (0.095 m!) and DMF (one drop), and the 
resulting mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the 
residue dissolved in THF (10 ml) was added dropwise at 0°C to a solution of 4-[N-methyl-N-(tetrahydropyran-4-yl) 
aminojmethyljaniline (79 mg) and triethylamine (0.2 ml) in THF (2 ml). After being stirred at room temperature for 40 
hours, the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration 
under reduced pressure, the residue was purified by column chromatography (ethanol : ethyl acetate 1 : 3), and further 
the resulting crystals were purified by recrystallization (ethanol) to obtain N-[4-[[N-methyl-N-(tetrahydropyran-4-yl)ami- 
no]methyl]phenyl]-7-rj2-(2-propoxyethoxy)benzyl]oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide (com- 
pound 99) (65 mg) as colorless crystals. 
M. p. 136-13B°C 

1 H-NMR (200 MHz, CDCI 3 ) 6 0.89 (3H, t, J = 7.5 Hz), 1.53-1.77 (6H, m), 2.21 (3H, s), 2.54-2.74 (1H, m), 3 09 
(2H, t, J = 6.7 Hz), 3.31-3.45 (2H, m), 3.48 (2H, t, J = 6.7 Hz), 3.57 (2H, s), 3.69 (2H, t, J = 6.7 Hz), 3.78-3.83 (2H m) 
3.99-4.09 (2H, m), 4.17-4.22 (2H, m), 5.24 (2H, s), 6.91-7.09 (4H, m), 7.22 (1H, s), 7.30-7.41 (4H, m), 7.52 (2H,'d, J 
= 8.4 Hz), 7.89 (1H, s), 8.07 (1 H, d, J = 8.4 Hz). 

IR (KBr) 3235, 1653, 1636, 1591, 1532, 1514, 1495, 1412, 1316, 1292, 1258, 1121 cm" 1 . 
[0522] Elemental Analysis. Calcd. for (W^N^S: C, 66.64; H, 6.84, N, 4.32. Found: C, 66.45; H, 6.96, N, 4.22. 

Example 99 (Production of compound 100) 

[0523] Into a solution of 7-[(4-propoxybenzy!)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (1 80 mg) 
in THF (10 ml) were added at room temperature thionyl chloride (0.065 ml) and DMF (one drop), and the resulting 
mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the residue dis- 
solved in THF (1 0 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl] 
aniline (108 mg) and triethylamine (0.25 ml) in THF (2 ml). After being stirred at room temperature for 40 hours, the 
reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure, the residue was purified by column chromatography (ethanol : ethyl acetate 1 : 3), and further the 
resulting crystals were purified by recrystallization (ethanol) to obtain N-[4-[[N-methyl-N-(tetrahydropyran^-y!)amino] 
methyl]phenyI]-7-[f(4-propoxybenzyl)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide (compound 1 00) 
(139 mg) as colorless crystals. 
M. p. 205-207°C 

1 H-NMR (200 MHz, CDCI 3 ) 6 1 .04 (3H, t, J = 7.5 Hz), 1 .64-1 .87 (6H, m), 2.21 (3H, s), 2.56-2.73 (1 H m) 3 09 
(2H, t, J = 7.0 Hz), 3.30-3.44 (2H, m), 3.57 (2H, s), 3.69 (2H, t, J = 7.0 Hz), 3.94 (2H, t, J = 7.0 Hz), 4 00-4 10 (2H m) 
5.07 (2H, s), 6.93 (2H, d, J = 8.8 Hz), 6.98-7.07 (2H, m), 7.20 (1H, s), 7.31-7.35 (4H, m), 7.53 (2H, d, J = 8.4 Hz) 7 83 
(1H,s), 8.09 (1H, d, J = 8.4 Hz). 

IR (KBr) 3244, 1653, 1634, 1599, 1514, 1410, 1319, 1292, 1254, 1123 cm" 1 . 
[0524] Elemental Analysis. Calcd. for C^H^N^S: C, 67.53; H, 6.67, N, 4.63. Found: C, 67.31 ; H, 6.72, N, 4.62. 

Example 1 00 (Production of compound 101) 

[0525] Into a solution of 7-[(2-ethoxybenzyl)oxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid (130 mg) 
in THF (10 ml) were added at room temperature thionyl chloride (0.045 ml) and DMF (one drop), and the resulting 
mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the residue dis- 
solved in THF (1 0 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl] 
aniline (80 mg) and triethylamine (0.18 ml) in THF (2 ml). After being stirred at room temperature for 16 hours, the 
reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure, the residue was purified by column chromatography (ethanol : ethyl acetate 1 : 3), and further the 
resulting crystals were purified by recrystallization (ethanol) to obtain 7-[(2-ethoxybenzyl)oxy]-N-[4-t[N-methyl-N-(tet- 
rahydropyran-4-yl)amino)methyl]phenyl]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxamide (compound 101) (103 
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mg) as colorless crystals. 
M. p. 211-214°C 

1 H-NMR (200 MHz, CDCI3) 6 1.42 (3H, t, J = 7.0 Hz), 1.66-1.83 (4H, m), 2.21 (3H, s), 2.55-2.74 (1H, m), 3.09 
(2H, t, J = 6.6 Hz), 3.31 -3.42 (2H, m), 3.57 (2H, s), 3.69 (2H, t, J = 6.6 Hz), 3.99-4.09 (2H, m), 4.11 (2H, q, J = 7.0 Hz), 
5 5.21 (2H, s), 6.89-7.02 (3H, m), 7.08 (1 H, dd, J = 8.8, 2.2 Hz), 7.22 (1 H, s), 7.30-7.40 (4H, m), 7.53 (2H, d, J = 8.4 Hz), 
7.84 (1 H, s), 8.08 (1H, d, J = 8.8 Hz). 

IR (KBr) 3252, 1655, 1636, 1605, 1590, 1530, 1497, 1412, 1318, 1292, 1250, 1167, 1121, 1044 cnr 1 . 
[0526J Elemental Analysis. Calcd. for C^HsjNjAjS: C, 67.10; H, 6.48, N, 4.74. Found: C, 66.93; H, 6.34, N, 4.70. 

10 Example 101 (Production of compound 102) 

[0527] Into a solution of 7-{(2-methoxybenzy[)oxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (1 40 mg) 
in THF (10 ml) were added at room temperature thionyl chloride (0.055 ml) and DMF (one drop), and the resulting 
mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the residue dis- 

15 solved in THF (1 0 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl] 
aniline (91 mg) and triethylamine (0.21 ml) in THF (2 ml). After being stirred at room temperature for 16 hours, the 
reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure, the residue was purified by column chromatography (ethanol : ethyl acetate 1 : 3), and further the 

20 resulting crystals were purified by recrystallization (ethanol) to obtain 7-[(2-methoxybenzyl)oxy]-N-[4-[[N-methyl-N-(tet- 
rahydropyran-4-yl)amino]methyl]phenyl]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-cart>oxamide (compound 102) (101 
mg) as colorless crystals. 
M. p. 223-225°C 

1 H-NMR (200 MHz, CDCI3) 5 1 .62-1 .82 (4H , m) f 2.21 (3H, s), 2.55-2.73 (1 H, m), 3.09 (2H, t, J = 6.8 Hz), 3.31 -3.43 
25 (2H, m), 3.57 (2H, s), 3.69 (2H, t, J = 6.8 Hz), 3.88 (3H, s), 3.98-4.10 (2H, m), 5.19 (2H, s), 6.92-7.02 (3H, m), 7.07 
(1 H, dd, J = 8.8, 2.6 Hz), 7.21 (1 H, s), 7.30-7.41 (4H, m), 7.53 (2H, d, J = 8.4 Hz), 7.84 (1 H, s), 8.08 (1 H, d, J = 8.8 Hz). 

IR (KBr) 3256, 1655, 1603, 1590, 1528, 1497, 1412, 1318, 1292, 1254, 1167, 1121 cnr». 
[0528] Elemental Analysis. Calcd. for C^H^NgOsS: C, 66.64; H, 6.29, N, 4.86. Found: C, 66.41; H, 6.30, N, 4.80. 

30 Example 1 02 (Production of compound 1 03) 

[0529] Into a solution of 7-[(2-chlorobenzyl)oxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (1 80 mg) 
in THF (10 ml) were added at room temperature thionyl chloride (0.070 ml) and DMF (one drop), and the resulting 
mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the residue dis- 

35 solved in THF (1 5 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-y0amino]methyl] 
aniline (115 mg) and triethylamine (0.26 ml) in THF (2 ml). After being stirred at room temperature for 20 hours, the 
reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure, the residue was purified by column chromatography (ethanol : ethyl acetate 1 : 3), and further the 

40 resultingcrystalswerepurffiedby recrystallization^ 

dropyran-4-yl)amino]methyl]pheny!]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxamide (compound 1 03) (131 mg) 
as colorless crystals. 
M. p. 205-207°C 

1 H-NMR (200 MHz, CDCI3) 8 1 .68-1 .83 (4H, m), 2.21 (3H, s), 2.55-2.72 (1 H, m), 3.10 (2H, t, J = 6.8 Hz), 3.31-3.43 
45 (2H, m), 3.57 (2H, s), 3.70 (2H, t, J = 6.8 Hz), 3.98-4.09 (2H, m), 5.25 (2H, s), 7.01 -7.10 (2H, m), 7.23 (1H, s), 7.29-7.36 
(4H, m), 7.40-7.56 (4H, m), 7.90 (1H, s), 8.11 (1H, d, J = 8.8 Hz). 

IR (KBr) 3282, 1657, 1637, 1591, 1530, 1410, 1318, 1292, 1254, 1167, 1142, 1123crrrl. 
[0530] Elemental Analysis. Calcd. for C 31 H33N 2 O 5 SCI.0.3 H 2 0: C, 63.48; H, 5.77, N, 4.78. Found: C, 63.29; H, 5.73, 
N.4.55. 

50 

Example 103 (Production of compound 104) 

[0531] Into a solution of 7-[[2-(2-ethoxyethO)cy)benzynoxy]-1J^^ 

(180 mg) in THF (10 ml) were added at room temperature thionyl chloride (0.061 ml) and DMF (one drop), and the 
55 resulting mixture was stirred for one hour. After concentration under reduced pressure to remove the solvent, the 
residue dissolved in THF (10 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl) 
amino]methyl]aniline (102 mg) and triethylamine (0.23 ml) in THF (2 ml). After being stirred at room temperature for 
16 hours, the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was 
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washed with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concen- 
tration under reduced pressure, the residue was purified by column chromatography (ethanol : ethyl acetate 1:3), and 
further the resulting crystals were purified by recrystallization (ethanol) to obtain 7-[I2-(2-ethoxyethoxy)benzylioxy] 
-N-[4^™ethyl-N-(tetrah^ 
ide (compound 1 04) (1 09 mg) as colorless crystals. 
M. p. 132-136°C 

1 H-NMR (200 MHz, CDCI 3 ) 5 1 .20 (3H, t, J = 7.0 Hz), 1 .68-1 .83 (4H, m), 2.21 (3H, s), 2.56-2.75 (1 H, m), 3.05-3 1 1 
(2H, m), 3.31-3.45 (2H, m), 3.57 (2H, s), 3.59 (2H, q, J = 7.0 Hz), 3.65-3.72 (2H, m), 3.79-3.84 (2H, m), 3 99-4 10 (2H 
m), 4.17-4.22 (2H, m), 5.25 (2H, s), 6.90-7.10 (4H, m), 7.23 (1 H, s), 7.30-7.41 (4H, m), 7.53 {2H, d, J = 8 4 Hz) 8 02 
(1H, s), 8.07 (1H,d, J = 8.4 Hz). 

IR (KBr) 3254, 1655, 1636, 1591, 1530, 1410, 1314, 1292, 1258, 1121 crrr'. 
[0532] Elemental Analysis. Calcd. for CagH^NgOyS: C, 66.22; H, 6.67, N, 4.41 . Found: C, 65.88; H, 6.56, N, 4.43. 

Example 1 04 (Production of compound 1 05) 

[0533] Into a solution of 7-[(3-propoxyphenethyl)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (1 40 
mg) in THF (1 0 ml) were added at room temperature thionyl chloride (0.049 ml) and DMF (one drop), and the resulting 
mixture was stirred for 1 .5 hours. After concentration under reduced pressure to remove the solvent, the residue dis- 
solved in THF (1 0 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl] 
aniline (82 mg) and triethylamine (0.19 ml) in THF (2 ml). After being stirred at room temperature for 16 hours the 
reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure, the residue was purified by column chromatography (ethanol : ethyl acetate 1 : 3), and further the 
resulting crystals were purified by recrystallization (ethanol) to obtain N-[4-[[N-methyl-N-(tetrahydropyran-4-yi)amino] 
methyl]phenyQ-7-[(3-propoxyphenethyl)oxy]-1 ,1 -dioxo-2,3-di hydro- 1-benzothiep in e-4-carboxamide (compound 1 05) 
(95 mg) as light yellow crystals. 
M. p. 153-154°C 

1 H-NMR (200 MHz, CDCI3) 5 1 .04 (3H, t, J = 7.3 Hz), 1 .67-1 .90 (6H, m), 2.21 (3H, s), 2.54-2.73 (1 H, m), 3.02-3 14 
(4H, m), 3.29-3.45 (2H, m), 3.57 (2H, s), 3.65-3.71 (2H, m), 3.92 (2H, t, J = 6.5 Hz), 3.99-4.09 (2H, m), 4.24 (2H t J 
= 7.0 Hz), 6.77-6.97 (5H, m), 7.19 (1H, s), 7.23-7.34 (3H, m), 7.53 (2H, d, J = 8.4 Hz), 7.92 (1H, s), 8.06 (1H d' J = 
8.8 Hz). ' ' 

IR (KBr) 3254, 1655, 1634, 1599, 1530, 1410, 1318, 1292, 1260, 1159, 1123 cm- 1 . 
[0534] Elemental Analysis. Calcd. for CasH^OgS: C, 67.94; H, 6.84, N, 4.53. Found: C, 67.78; H, 6.56, N, 4.39. 

Example 105 (Production of compound 106) 

[0535] Into a solution of 7-[(2-propoxyphenethyl)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4<arboxylic acid (1 00 
mg) in THF (1 0 ml) were added at room temperature thionyl chloride (0.035 ml) and DMF (one drop), and the resulting 
mixture was stirred for 1 .5 hours. After concentration under reduced pressure to remove the solvent the residue dis- 
solved in THF (10 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyn 
aniline (59 mg) and triethylamine (0.13 ml) in THF (2 ml). After being stirred at room temperature for 20 hours, the 
reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure, the residue was purified by column chromatography (ethancl : ethyl acetate 1 : 3), and further the 
resulting crystals were purified by recrystallization (ethanol) to obtain N-[4-[[N-methyl-N-(tetrahydropyran-4-yl)amino] 
methy]phenyl]-7-[(2-propoxyphenethyl)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide (compound 1 06) 
(89 mg) as colorless crystals. 
M. p. 161-162°C 

1 H-NMR(200MHz,CDCI 3 )51.06(3H,t, J = 7.5 Hz), 1 .63-1 .94 (6H, m), 2.21 (3H, s), 2.55-2.73 (1H m) 3 05-3 18 
(4H, m), 3.29-3.45 (2H, m), 3.57 (2H, s), 3.68 (2H, t, J = 6.7 Hz), 3.97 (2H, t, J = 6.4 Hz), 3.99-4.09 (2H m)' 4 25 (2H 
t, J = 7.5 Hz), 6.83-7.03 (4H, m), 7.19-7.23 (3H, m), 7.32 (2H, d, J = 8.4 Hz), 7.53 (2H, d, J = 8.4 Hz), 7.80 (1H, s)[ 
8.06 (1H, d, J = 8.6 Hz). 

IR (KBr) 3268, 1651, 1634, 1599, 1530, 1495, 1410, 1316, 1291, 1256, 1240, 1121 cm"1. 
[0536] Elemental Analysis. Calcd. for C^H^N^S: C, 67.94; H, 6.84, N, 4.53. Found: C, 67.72; H, 6.56, N, 4.36. 

Example 106 (Production of compound 107) 

[0537] Into a solution of 7-[[4-(2-ethoxyethoxy)benzyl]oxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid 
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(160 mg) in THF (10 ml) were added at room temperature thionyl chloride (0.054 ml) and DMF (one drop), and the 
resulting mixture was stirred for 1.5 hours. After concentration under reduced pressure to remove the solvent, the 
residue dissolved in THF (10 ml) was added dropwise at 0°C to a solution of 4-[IN-methyl-N-(tetrahydropyran-4-yl) 
amino]methyl]aniline (90 mg) and triethylamine (0.21 ml) in THF (2 ml). After being stirred at room temperature for 3 
5 days, the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration 
under reduced pressure, the residue was purified by column chromatography (ethanol : ethyl acetate 1:3), and further 
the resulting crystals were purified by recrystallization (ethanol) to obtain N-[4-[[N-methyl-N-(tetrahydropyran-4-yl)ami- 
no]methyl]phenyl]-7-|I4-(2-ethoxyethoxy)benzyl]oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide (corn- 
to pound 1 07) (1 35 mg) as colorless crystals. 
M. p. 1B5-187°C 

1 H-NMR (200 MHz, CDCI3) 8 1 .25 (3H, t, J = 7.0 Hz), 1 .66-1 .82 (4H, m), 2.20 (3H, s), 2.56-2.73 (1 H, m), 3.04-3.11 
(2H, m), 3.29-3.44 (2H, m), 3.57 (2H, s), 3.61 (2H, q, J = 7.0 Hz), 3.66-3.72 (2H, m), 3.78-3.83 (2H, m), 3.98-4.09 (2H, 
m), 4.11-4.16 (2H, m), 5.07 (2H, s), 6.94-7.06 (4H, m), 7.20 (1H, s), 7.29-7.35 (4H, m), 7.53 (2H, d, J = 8.0 Hz), 7.96 
15 (1 H, s), 8.CB (1 H, d, J = 8.8 Hz). 

IR (KBr) 3227, 1655, 1638, 1597, 1518, 1410, 1314, 1292, 1254, 1123 cnr*. 
[0538] Elemental Analysis. Calcd. for C^H^NgOyS: C, 66.22; H, 6.67, N, 4.41 . Found: C, 65.95; H, 6.57, N, 4.30. 

Example 107 (Production of compound 108) 

20 

[0539] Into a solution of 7-[[4-(2-propoxyethoxy)benzyl]oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylte ac- 
id (1 80 mg) in THF (1 0 ml) were added at room temperature thionyl chloride (0.059 ml) and DMF (one drop), and the 
resulting mixture was stirred for 1 .5 hours. After concentration under reduced pressure to remove the solvent, the 
residue dissolved in THF (10 ml) was added dropwise at 0°C to a solution of 4-[[N-methyi-N-(tetrahydropyran-4-yl) 

25 amino]methyI]aniIine (97 mg) and triethylamine (0.22 ml) in TH F (2 ml). After being stirred at room temperature for 1 8 
hours, the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration 
under reduced pressure, the residue was purified by column chromatography (ethanol : ethyl acetate 1:3), and further 
the resulting crystals were purified by recrystallization (ethanol) to obtain N-[4-[[N-methyl-N-(tetrahydropyran-4-yl)ami- 

30 no]methyl]phenyl]-7-[[4-(2-propoxyethoxy)benzyl]oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide (com- 
pound 108) (141 mg) as colorless crystals. 
M. p. 175-176°C 

1 H-NMR (200 MHz, CDCI 3 ) 8 0.93 (3H, t, J = 7.3 Hz), 1 .56-1 .78 (6H, m), 2.20 (3H, s), 2.55-2.71 (1 H, m), 3.05-3.1 1 
(2H, m), 3.30-3.45 (2H, m), 3.50 (2H, t, J = 6.7 Hz), 3.57 (2H, s), 3.66-3.73 (2H, m), 3.77-3.82 (2H, m), 3.98-4.09 (2H, 
35 m), 4.11-4.16 (2H, m), 5.07 (2H, s), 6.94-7.07 (4H, m), 7.20 (1H, s), 7.30-7.51 (4H, m), 7.54 (2H, d, J = 8.4 Hz), 7.94 
(1H, s), 8.08 (1H, d, J = 8.4 Hz). 

IR (KBr) 3258, 1655, 1636, 1595, 1516, 1410, 1316, 1292, 1251, 1165, 1123 cm- 1 . 
[0540] Elemental Analysis. Calcd. for C^H^NgOyS: C, 66.64; H, 6.84, N, 4.32. Found: C, 66.78; H, 6.67, N, 4.08. 

40 Example 1 08 (Production of compound 1 09) 

[0541 ] Into a solution of 7-[(3,4-dipropoxy)benzyl]oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (1 80 
mg) in THF (1 0 ml) were added at room temperature thionyl chloride (0.057 ml) and DMF (one drop), and the resulting 
mixture was stirred for 1.5 hours. After concentration under reduced pressure to remove the solvent, the residue dis- 

45 solved in TH F (1 5 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl] 
aniline (95 mg) and triethylamine (0.22 ml) in THF (2 ml). After being stirred at room temperature for 20 hours, the 
reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure^ the residue was purified by column chromatography (ethanol : ethyl acetate 1 : 3), and further the 

50 resulting crystals were purified by recrystallization (ethanol) to obtain 7-[(3,4-dipropoxy)benzyl]oxy]-N-[4-[IN-me- 
thyl-N-(tetrahydropyran-4-yl)amino]methyl]phenyl]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide (compound 
1 09) (1 61 mg) as colorless crystals. 
M. p. 186-187°C 

1 H-NMR (200 MHz, CDCI3) 8 1 .04 (6H, t, J = 7.4 Hz), 1 .65-1 .93 (8H, m), 2.20 (3H, s), 2.53-2.71 (1 H, m), 3.05-3.1 2 
55 (2H, m), 3.31-3.44 (2H, m), 3.57 (2H, s), 3.65-3.72 (2H, m), 3.97 (4H, t, J = 6.5 Hz), 3.99-4.10 (2H, m), 5.05 (2H, s), 
6.90-6.99 (4H, m), 7.04 (1H, dd, J = 8.8, 2.6 Hz), 7.20 (1H, s), 7.32 (2H, d, J = 8.6 Hz), 7.53 (2H, d, J = 8.6 Hz), 7.84 
(1H,s), 8.09 (1H,d, J = 8.8 Hz). 

IR (KBr) 3238, 1653, 1634, 1593, 1514, 1410, 1316, 1292, 1258, 1167, 1140, 1121 cm-"». 



115 



BP 1 182 195 A1 



[0542] Elemental Analysis. Calcd. for C^H^C^S: C, 67.04; H, 6.99, N, 4.23. Found: C, 66.83; H, 6.86, N r 4.31 . 
Example 109 (Production of compound 110) 

5 [0543] Into a solution of 7-[[3-ethoxy-4-(2-propoxyethoxy)benzyl]oxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-car- 
boxylic acid (1 20 mg) In THF (1 0 m!) were added at room temperature thionyl chloride (0.036 ml) and DMF (one drop), 
and the resulting mixture was stirred for 1 .5 hours. After concentration under reduced pressure to remove the solvent, 
the residue dissolved in THF (1 0 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl) 
amino]methyl]aniline (58 mg) and triethylamine (0.13 ml) in THF (2 ml). After being stirred at room temperature for 20 

10 hours, the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration 
under reduced pressure, the residue was purified by column chromatography (ethanol : ethyl'acetate 1 : 3), and further 
the resulting crystals were purified by recrystallization (ethanol) to obtain 7-[[3-ethoxy-4-(2-propoxyethoxy)benzyl]oxy] 
-N-[4-[[N-methyl-N-(tetrahydropyran^ 

is ide (compound 1 1 0) (47 mg) as light yellow crystals. 
M. p. 146-147°C 

1 H-NMR (200 MHz, CDCI 3 ) 8 0.93 (3H, t, J = 7.3 Hz), 1.44 (3H, t, J = 7.0 Hz), 1.54-1.81 (6H, m), 2.22 (3H, s), 
2.56-2.76 (1H, m), 3.05-3.12 (2H, m), 3.30-3.44 (2H, m), 3.52 (2H, t, J = 6.8 Hz), 3.59 (2H, s), 3.65-3.72 (2H, m), 3.82 
(2H, t, J = 5.2 Hz), 3.98-4.12 (4H, m), 4.18 (2H, t, J = 5.2 Hz), 5.06 (2H, s), 6.94-7.07 (5H, m), 7.21 (1H, s), 7.33 (2H, 
20 d, J = 8.2 Hz), 7.53 (2H, d, J = 8.2 Hz), 7.81 (1 H, s), 8.09 (1 H, d, J = 8.4 Hz). 

IR (KBr)3115, 1653, 1595, 1514, 1410, 1316, 1291, 1260, 1123 cm' 1 . 
[0544] Elemental Analysis. Calcd. for CaQH^OgS-l .0 H 2 0: C, 64.20; H, 7.09, N, 3.94. Found: C, 64.47; H, 6.86, 
N, 3.99. 

25 Example 110 (Production of compound 111) 

[0545] Into a solution of 7-(4-propoxyphenoxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxyiic acid (1 1 0 mg) in 
THF (1 0 ml) were added at room temperature thionyl chloride (0.041 ml) and DMF (one drop), and the resulting mixture 
was stirred for one hour. After concentration under reduced pressure to remove the solvent, the residue dissolved in 

30 THF (1 0 ml) was added dropwise at 0°C to a solution of 4-[[ISI-methyl-N-(tetrahydropyran-4-yl)amino]methyl]aniline (69 
mg) and triethylamine (0.16 ml) in THF (2 mi). After being stirred at room temperature for 20 hours, the reaction mixture 
was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated 
solution of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the 
residue was purified by column chromatography (ethanol : ethyl acetate 1 : 3), and further the resulting crystals were 

35 purified by recrystallization (ethanol) to obtain N-f4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl]phenyl]-7-(4-pro- 
poxyphenoxy)-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxamide (compound 111) (68 mg) as colorless crystals 
M. p. 139-141°C 

1 H-NMR (200 MHz, CDCI3) 5 1.05 (3H, t, J = 7.3 Hz), 1 .61-1 .88 (6H, m), 2.20 (3H, s), 2.53-2.72 (1H, m), 3.10 
(2H, t, J = 6.8 Hz), 3.30-3.46 (2H, m), 3.57 (2H, s), 3.70 (2H, t, J = 6.8 Hz), 3.93 (2H, t, J = 6.6 Hz), 3.99-4.10 (2H, m), 
40 6.91-7.04 (6H, m), 7.15 (1H, s), 7.31 (2H, d, J = 8.6 Hz), 7.52 (2H, d, J = 8.6 Hz), 7.86 (1 H, s), 8.08 (1H, d, J = 8.8 Hz)! 

IR (KBr) 3262, 1649, 1601, 1534, 1503, 1410, 1318, 1308, 1294, 1236, 1204, 1125 cm' 1 . 
[0546] Elemental Analysis. Calcd. for C^H^^OgS: C, 67.10; H, 6.48, N, 4.74. Found: C, 66.99; H, 6.38, N, 4.71. 

Example 111 (Production of compound 112) 

45 

[0547] Into a solution of 7-(3-propoxyphenoxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxyiic acid (200 mg) in 
THF (10 ml) were added at room temperature thionyl chloride (0.075 ml) and DMF (one drop), and the resulting mixture 
was stirred for 1 .5 hours. After concentration under reduced pressure tc remove the solvent, the residue dissolved in 
THF (10 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl)amino3methyl]aniline 

so (124 mg) and triethylamine (0.28 ml) in THF (2 ml). After being stirred at room temperature for 67 hours, the reaction 
mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous 
saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pres- 
sure, the residue was purified by column chromatography (ethanol : ethyl acetate 1 : 3), and f urtherthe resulting crystals 
were purified by recrystallization (ethanol) to obtain N-[4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl]phenyl]- 

55 7-(3-propoxyphenoxy)-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxamide (compound 112) (146 mg) as colorless 
crystals. 

M. p. 143-144°C 

1 H-NMR (200 MHz, CDCI 3 ) 5 1 .04 (3H, t, J = 7.3 Hz), 1 .67-1 .89 (6H, m), 2.20 (3H, s), 2.54-2.70 (1 H, m), 3.08-3.14 
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(2H, m), 3.30-3.43 (2H, m), 3.56 (2H, s), 3.67-3.74 (2H, m), 3.91 (2H, t f J = 6.6 Hz), 3.98-4.08 (2H, m), 6.62-6.66 (2H, 
m), 6.78 (1H t dd, J = 9.0, 2.2 Hz), 6.97 (1H, d, J = 2.2 Hz), 7.06 (1H, dd, J = 8.8, 2.2 Hz), 7.16 (1H, s), 7.29-7.50 (3H, 
m), 7.51 (2H, d, J = 8.4 Hz), 7.88 (1H, s), 8.10 (1H, d, J = 8.8 Hz). 

IR (KBr) 3241, 1651, 1630, 1599, 1563, 1530, 1473, 1410, 1319, 1294, 1267, 1165, 1138, 1125 cm" 1 . 
5 [0548] Elemental Analysis. Calcd. for C^H^^OgS: C, 67.10; H, 6.48, N, 4.74. Found: C, 67.34; H, 6.50, N, 4.88. 

Example 112 (Production of compound 113) 

[0549] Into a solution of 7-(4-propylphenoxy)-1,1-dloxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid (150 mg) in 
10 THF (1 0 ml) were added at room temperature thionyl chloride (0.059 ml) and DMF (one drop), and the resulting mixture 
was stirred for 1 .5 hours. After concentration under reduced pressure to remove the solvent, the residue dissolved in 
THF (1 0 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl]aniline (97 
mg) and triethylamine (0.22 ml) in THF (2 ml). After being stirred at room temperature for 13 hours, the reaction mixture 
was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated 
is solution of sodium chloride and was dried with magnesium sulfate. After concentration under reduced pressure, the 
residue was purified by column chromatography (ethanol : ethyl acetate 1:3), and further the resulting crystals were 
purified by recrystallization (ethanol) to obtain N-[4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl]phenyl]-7-(4-pro- 
pylphenoxy)-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide (compound 1 1 3) (1 24 mg) as colorless crystals. 
M. p. 147-149°C 

20 1 H-NMR (200 MHz, CDCI3) 5 0.97 (3H, t, J = 6.8 Hz), 1 .57-1 .81 (6H, m), 2.20 (3H, s), 2.55-2.73 (3H, m), 3.07-3.1 4 

(2H, m), 3.29-3.44 (2H, m), 3.57 (2H, s), 3.67-3.74 (2H, m), 3.98-4.10 (2H, m), 6.95-7.06 (4H, m), 7.15 (1 H, s), 7.23 
(2H, d, J = 8.8 Hz), 7.31 (2H, d, J = 8.4 Hz), 7.51 (2H, d, J = 8.4 Hz), 7.88 (1H, s), 8.09 (1H, d, J = 8.4 Hz). 

IR (KBr) 3289, 1651, 1597, 1566, 1507, 1410, 1318, 1294, 1254, 1206, 1140, 1121 crrr 1 . 
[0550] Elemental Analysis. Calcd. for C^H^^OgS: C, 68.96; H, 6.66, N t 4.87. Found: C, 69.22; H, 6.48, N, 4.93. 

25 

Example 113 (Production of compound 114) 

[0551 ] Into a solution of 7-[3-ethoxy-4-(2-propoxyethoxy)phenoxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carbox- 
ylic acid (180 mg) in THF (10 ml) were added at room temperature thionyl chloride (0.055 ml) and DMF (one drop), 

30 and the resulting mixture was stirred for 1 .5 hours. After concentration under reduced pressure to remove the solvent, 
the residue dissolved in THF (10 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl) 
amino]methyl]aniline (92 mg) and triethylamine (0.21 ml) in THF (2 ml). After being stirred at room temperature for 4 
hours, the reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed 
with an aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration 

35 under reduced pressure, the residue was purified by column chromatography (ethanol : ethyl acetate 1 : 3), and further 
the resulting crystals were purified by recrystallization (ethanol) to obtain 7-{3-ethoxy-4-(2-propoxyethoxy)phenoxy] 
-N-[4-[[N-methyl-N-(tetrahydropyra^^ 
ide (compound 114) (140 mg) as colorless crystals. 
M. p. 159-60°C 

40 1H-NMR (200 MHz, CDCI3) 5 0.94 (3H, t, J = 7.4 Hz), 1 .44 (3H, t, J = 7.0 Hz), 1 .50-1 .83 (6H, m), 2.20 (3H, s), 

2.54-2.75 (1H, m), 3.07-3.14 (2H, m), 3.30-3.43 (2H, m), 3.52 (2H, t, J = 6.7 Hz), 3.57 (2H, s), 3.66-3.73 (2H, m), 3.82 
(2H, t, J = 5.0 Hz), 3.98-4.08 (4H, m), 4.18 (2H, t, J = 5.0 Hz), 6.57-6.63 (2H, m), 6.91-7.04 (3H, m), 7.15 (1H, s), 7.31 
(2H, d, J = 8.3 Hz), 7.52 (2H, d, J = 8.3 Hz), 7.91 (1H, s), 8.09 (1H, d, J = 8.8 Hz). 

IR (KBr) 3310, 1655, 1601, 1534, 1508, 1408, 1312, 1250, 1219, 1169, 1140, 1125 cm" 1 . 

45 [0552] Elemental Analysis. Calcd. for C 37 H 46 N 2 O 8 S.0.25 H 2 0: C, 65.03; H, 6.86, N, 4.10. Found: C, 65.05; H, 6.94, 
N.4.03. 

Example 114 (Production of compound 115) 

so [0553] Into a solution of 7-(2-propoxymethylphenoxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (1 50 
mg) in THF (1 0 ml) were added at room temperature thionyl chloride (0.054 ml) and DMF (one drop), and the resulting 
mixture was stirred for 1 .5 hours. After concentration under reduced pressure to remove the solvent, the residue dis- 
solved in THF (1 0 ml) was added dropwise at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl)aminolmethyl] 
aniline (90 mg) and triethylamine (0.21 ml) in THF (2 ml). After being stirred at room temperature for 20 hours, the 

55 reaction mixture was mixed with water and was extracted with ethyl acetate. The organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with magnesium sulfate. After concentration under re- 
duced pressure, the residue was purified by column chromatography (ethanol : ethyl acetate 1 : 3), and further the 
resulting crystals were purified by recrystallization (ethanol) to obtain N-{4-[[N-methyl-N-(tetrahydropyran-4-yl)amino] 
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methyl}phenyO-7-(2-propoxymethylphenoxy)-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide (compound 1 1 5) 
(1 30 mg) as colorless crystals. 
M. p. 162-164°C 

1 H-NMR (200 MHz, CDCy 5 0.86 (3H t t, J = 7.5 Hz), 1 .45-1 .80 (6H, m), 2.20 (3H, s), 2.55-2.72 (1 H, m), 3.08-3.15 
5 (2H, m), 3.30-3.42 (4H, m), 3.57 (2H, s), 3.67-3.74 (2H, m), 3.99-4.11 (2H, m), 4.47 (2H, s), 6.92 (1 H, d, J = 2.6 Hz), 
6.99-7.03 (2H, m), 7.14 (1H, s), 7.24-7.40 (4H, m), 7.48-7.61 (3H, m), 7.74 (1H, s), 8.10 (1H, d, J = 8.8 Hz). 

IR (KBr) 3329, 1646, 1626, 1599, 1562, 1531, 1512, 1411, 1314, 1259, 1159, 1125 cm' 1 . 
[0554] Elemental Analysis. Calcd. for C^H^NPeS: C, 67.53; H, 6.67, N, 4.63. Found: C, 67.25; H, 6.81 , N, 4.51 . 

io Reference Example 152 

[0555] To 3-methyl-4-propoxyethoxyphenylboric acid (71 0 mg), methyl 7-hydroxy-1 ,1 -dioxo-2,3-dihydro-1 -benzoth- 
iepine-4-carboxylate (400 mg) and cupric acetate (270 mg) suspended in dichloromethane (15 ml) was added triethyl- 
amine (1 .04 ml). The resulting mixture was stirred for one day with a calcium chloride tube attached to the reaction 
15 vessel, was then mixed with celite and was filtered to remove an insoluble material. The filtrate was concentrated and 
the residue was subjected to purification using silica gel column chromatography to obtain methyl 7-[3-methyl-4-(2-pro- 
poxyethoxy)phenoxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (475 mg) as a brown oily substance. 

1 H-NMR (200 MHz, CDCI3) 6 0.95 (t, 3H, J = 7.4 Hz), 1 .55-1 .70 (m, 2H), 2.25 (s, 3H), 3.07 (t, 2H, J = 7.2 Hz), 

3.53 (t, 2H, J = 6.6 Hz), 3.62 (t, 2H, J = 5.8 Hz), 3.80-3.85 (m, 5H), 4.15 (t, 2H, J = 4.8 Hz), 6.85-6.86 (m, 3H), 6.95-7.02 
20 (m, 2H), 7.70 (s, 1 H), 8.07 (d, 1 H, J = 8.2 Hz). 

Reference Example 153 

[0556] Into a mixed solution of methyl 7-[3-methyl-4-(2-propoxyethoxy)phenoxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothl- 
25 epine-4-carboxylate (470 mg) in tetrahydrofuran (1 0 ml) and methanol (5 ml) was added a 1 N aqueous solution of 
potassium carbonate (2.9 ml), and the resulting mixture was heated at 65°C for one day. After cooling, the reaction 
mixture was mixed with water, was acidified (pH = 4) with 1 N hydrochloric acid and was extracted with ethyl acetate. 
The organic layer was washed with an aqueous saturated solution of sodium chloride and was dried with magnesium 
sulfate. The solvent was evaporated under reduced pressure to obtain 7-[3-methyl«4-(2-propoxyethoxy)phenoxy]- 
30 1 ,1-dioxo-2,3-dihydro-1-benzothiepine^-carboxyIic acid (375 mg) as a brown oily substance. 

1 H-NMR (200 MHz, CDCI3) 5 0.95 (t, 3H, J = 7.4 Hz), 1 .60-1 .70 (m, 2H), 2.25 (s, 3H), 3.09 (t, 2H, J = 6.6 Hz), 

3.54 (t, 2H, J = 6.6 Hz), 3.63 (t, 2H, J = 6.2 Hz), 3.83 (t, 2H, J = 5.2 Hz), 4.15 (t, 2H, J = 4.8 Hz), 6.85-6.86 (m, 3H), 
6.98-7.02 (m, 2H), 7.79 (s, 1 H), 8.09 (d, 1 H, J = 8.8 Hz). 

35 Example 1 1 5 (Production of compound 1 1 6) 

[0557] To 7-[3-methyl-4-(2-propoxyethoxy)phenoxy]-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (370 
mg) dissolved in tetrahydrofuran (10 ml) was added DMF (0.1 ml). Thionyl chloride (196 mg) was then added at 0°C 
to the resulting mixture, which was stirred for 1 .5 hr at room temperature under a nitrogen atmosphere. After concen- 

40 tration under reduced pressure to remove the solvent and excess thionyl chloride, the residue dissolved in tetrahydro- 
furan (10 ml) was added at 0°C to a solution of 4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methy0aniline (201 mg) 
and triethylamine (185 mg) in tetrahydrofuran (10 ml). The temperature of the resulting mixture was brought back to 
the room temperature, and after being stirred overnight, the reaction mixture was mixed with water and was extracted 
with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride and was dried 

45 with magnesium sulfate. After concentration under reduced pressure to remove the solvent, the residue was subjected 
to separation and purification using silica gel column chromatography and to recrystallization from hexane/ethyl acetate 
to obtain (compound 116) (94 mg) as colorless crystals. 

1 H-NMR (200 MHz, CDC1 3 ) 8 0.94 (t, 3H, J = 6.2 Hz), 1 .60-1 .80 (m, 6H), 2.20 (s, 3Hj, 2.25 (s, 3H), 2.64 (br, 1 H), 
3.10 (t, 2H, J = 7.2 Hz), 3.36 (dt, 2H, J = 11.0, 2.2 Hz), 3.52 (t, 2H, J = 6.6 Hz), 3.57 (s, 2H), 3.70 (t, 2H, J = 7.4 Hz), 

50 3.81 (t, 2H, J = 5.6 Hz), 4.04 (d, 2H, J = 11 .8 Hz), 4.14 (t, 2H, J = 5.2 Hz), 6.86-6.90 (m, 4H), 6.99 (dd, 2H, J = 9.2, 2.2 
Hz), 7.14 (s, 1H), 7.31 (d, 2H, J = 8.2 Hz), 7.51 (d, 2H, J = 8.4 Hz), 7.87 (s, 1H), B.08 (d, 1H, J = 8.8 Hz). 
[0558] Elemental Analysis. Calcd. for C^H^N^S: C, 66.64; H, 6.84, N, 4.32. Found: C, 66.59; H, 6.76, N, 4.27 

Reference Example 154 

55 

[0559] Methyl 7-hydroxy-1 ,1 -dioxo-2,3-di hydro- 1 -benzothiepine-4-carboxylate (400 mg), 3-methoxybenzyl chloride 
(350 mg) and potassium carbonate (41 2 mg) were suspended in DMF (1 5 ml), and the resulting suspension was stirred 
at 60°C for 13 hours. The reaction mixture was diluted with ethyl acetate and washed respectively with water and an 
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aqueous saturated solution of sodium chloride, and the organic layer was dried with anhydrous magnesium sulfate. 
After concentration under reduced pressure to remove the solvent, the residue was subjected to purification using silica 
gel column chromatography (hexane : ethyl acetate = 4 : 1 -» hexane : ethyl acetate = 3 : 1 ) to obtain methyl 7-(3-meth- 
oxybenzyloxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxytate (459 mg) as a light yellow, amorphous substance. 
5 1 H-NMR (200 MHz, CDCI3) 5 3.06 (2H t t, J = 6.6 Hz), 3.61 (2H, t, J = 7.0 Hz), 3.83 (3H, s), 3.85 (3H, s), 5.13 

(2H, s), 6.87-7.02 (4H, m), 7.06 (1H, s), 7.32 (1H, t, J = 7.7 Hz), 7.77 (1H, s), 8.08 (1H, d, J = 8.4 Hz). 
IR (KBr) 1713, 1590, 1493, 1321, 1292, 1269, 1246, 1217, 1163, 1128 cnr 1 . 

Reference Example 155 

10 

[0560] To methyl 7-(3-methoxybenzyloxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine^-carboxylate (436 mg) dissolved 
in THF-methanol (10-5 ml) was added a 2 M aqueous solution of potassium carbonate (1.2 ml), and the resulting 
mixture was stirred at 60°C for 14.5 hours. The reaction mixture was treated with 1 N hydrochloric acid to bring the pH 
to 2. The resulting mixture was diluted with ethyl acetate and was washed respectively with water and an aqueous 
15 saturated solution of sodium chloride, and the organic layer was dried with anhydrous magnesium sulfate. After con- 
centration under reduced pressure to remove the solvent, the precipitated crystals were washed with hexane-ethyl 
acetate to obtain 7-(3-methoxybenzyloxy)-1,1-dioxo-2 I 3-dihydro-1-benzothiepine-4-carboxylic acid (271 mg) as white 
crystals. 

M. p. 220-222°C 

20 1 H-NMR (200 MHz, DMSO-d 6 ) 5 2.91 (2H, t-like), 3.69 (2H, t, J = 6.2 Hz), 3.77 (3H, s), 5.23 (2H, s), 6.90-6.94 

(1H, m), 7.05 (2H, s, d-like), 7.20-7.43 (3H, m), 7.72 (1H, s), 7.95 (1H, d, J = 8.8 Hz). 

IR (KBr) 1684, 1597, 1564, 1493, 1454, 1285, 1256, 1173, 1130, 1130, 1073, 1032, 772 cnr 1 . 
[0561] Anal. Cated. for C 19 H 18 0 6 S: C, 60.95; H, 4.85. Found: C, 60.70; H, 4.94. 

25 Example 1 1 6 (Production of compound 1 1 7) 

[0562] To 7-(3-methoxybenzyloxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (204 mg) suspended in 
THF (10 ml) were added DMF (one drop) and thionyl chloride (0.079 ml), and the resulting mixture was stirred at room 
temperature for one hour. After concentration under reduced pressure, the residue was dissolved in THF (10 ml). To 

30 4-[tN-methyl-N-(tetrahydropyran-4-yl)amino]methyl]aniline dihydrochloride (192 mg) suspended in THF (10 ml) was 
added dropwise triethylamine (0.57 ml), and then thereto was added dropwise at 0°C the above-prepared solution of 
the acid chloride in THF. The resulting mixture was stirred at room temperature for 3 hours. The reaction mixture was 
concentrated, ethyl acetate was added to the residue and the resulting mixture was washed successively with water 
and an aqueous saturated solution of sodium chloride, and was then dried with anhydrous magnesium sulfate. After 

35 concentration under reduced pressure to remove the solvent, the residue was subjected to purification using silica gel 
column chromatography (ethyl acetate -» ethyl acetate : ethanol =10:1), and further to recrystallization from ethanol 
to obtain 7-(3-methoxybenzyloxy)-N-[4-[IN-m^ 

dro-1 -benzothiepine-4-carboxamide (compound 11 7) (21 7 mg) as light yellow crystals. 
M. p. 181-185°C 

40 1H-NMR (200 MHz, CDCIg) 6 1 .69-1 .77 (4H, m), 2.21 (3H, s), 2.57-2.69 (1H, m), 3.09 (2H, t, J = 6.6 Hz), 3.37 

(2H, td, J = 11.1, 3.3 Hz), 3.57 (2H, s), 3.69 (2H, t, J = 6.8 Hz), 3.83 (3H, s), 4.01-4.07 (2H, m), 5.13 (2H, s), 6.87-7.07 
(5H, m), 7.20 (1H, s), 7.29-7.37 (3H, m), 7.53 (2H, d, J = 8.8 Hz), 7.81 (1H, s), 8.09 (1H, d, J = 8.4 Hz). 

IR (KBr) 1667, 1597, 1566, 1522, 1491, 1410, 1314, 1287, 1267, 1163, 1142, 1127, 1065,737 cm- 1 . 
[0563] Anal. Calcd. for CagH^NgOsS (0.4 H z O): C, 65.82; H, 6.35, N, 4.80. Found: C, 65.76; H, 6.33, N, 4.50. 

45 

Reference Example 156 

[0564] To a mixture of 3-hydroxybenzyl alcohol (3.56 g) and acetone (100 ml) were added iodoethane (6.7 g) and 
potassium carbonate (7.9 g), and the resulting mixture was heated at reflux for 61 hours. The reaction mixture was 
so concentrated, ethyl acetate was added to the residue and the resulting mixture was washed successively with water 
and an aqueous saturated solution of sodium chloride, and was then dried with anhydrous magnesium sulfate. The 
solvent was evaporated under reduced pressure to obtain 3-ethoxybenzyl alcohol (4.15 g) as an oil. 

1 H-NMR (200 MHz, CDCI 3 ) 5 1 .42 (3H, t, J = 7.0 Hz), 1 .69-1 .73 (1H, m) r 4.05 (2H, q, J = 6.9 Hz), 4.67 (2H, d, J 
= 5.8 Hz), 6.83 (1H, dd, J = 8.2, 2.6 Hz), 6.91-6.95 (2H, m), 7.27 (1H, t, J = 8.1 Hz). 

55 

Reference Example 157 

[0565] To a mixture of 3-ethoxybenzyl alcohol (4.15 g) and toluene (50 ml) were added one drop of pyridine and 
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thionyl chloride (3.0 ml), and the resulting mixture was stirred at room temperature for one hour. The reaction mixture 
was diluted with ethyl acetate, washed successively with water, an aqueous saturated solution of sodium bicarbonate, 
water and an aqueous saturated solution of sodium chloride, and was then dried with anhydrous magnesium sulfate! 
The resulting organic layer was evaporated under reduced pressure to remove the solvent to obtain 3-ethoxybenzyl 
chloride (5.34 g) as an oil. 

[0566] Methyl 7-hydroxy-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (400 mg), the above-mentioned 
3-ethoxybenzyl chloride (636 mg) and potassium carbonate (51 5 mg) were suspended in DM F (1 5 ml), and the resulting 
suspension was stirred at 60°C for 14 hours. The reaction mixture was diluted with ethyl acetate and was washed 
respectively with water and an aqueous saturated solution of sodium chloride, and the organic layer was dried with 
anhydrous magnesium sulfate. The resulting organic layer was concentrated under reduced pressure to remove the 
solvent, and the residue was subjected to purification using silica gel column chromatography (hexane : ethyl acetate 
= 3 : 1) to obtain methyl 7-(3-ethoxybenzyloxy)-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (308 mg) as a 
yellow amorphous substance. 

1 H-NMR (200 MHz, CDCI 3 ) 5 1.43 (3H, t, J « 7.2 Hz), 3.07 (2H, t, J = 6.6 Hz), 3.61 (2H, t, J = 6.7 Hz), 3 86 (3H 
s), 4.05 (2H, q, J = 7.2 Hz), 5.13 (2H, s), 6.91-7.06 (4H, m), 7.24-7.31 (2H, m), 7.77 (1H, s), 8.08 (1H, d, J = 8 4 Hz)' 
IR (KBr) 1713, 1590, 1289, 1267, 1215, 1163, 1128 cm-1. 

Reference Example 158 

[0567] To methyl 7-(3-ethoxybenzyloxy)-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (298 mg) dissolved in 
THF-methanol (1 0-5 ml) was added a 2 M aqueous solution of potassium carbonate (0.75 ml), and the resulting mixture 
was stirred at 60°C for 16.5 hours. The reaction mixture was treated with 1 N hydrochloric acid to bring the pH to 2 
The resulting mixture was extracted with ethyl acetate, and the organic layer was dried with anhydrous magnesium 
sulfate. After concentration under reduced pressure to remove the solvent, the precipitated crystals were washed with 
hexane-ethyl acetate to obtain 7-(3-ethoxybenzyloxy)-1 > 1-dioxo-2 > 3-dihydro-1-benzothiepine^-carboxyiic acid (45 
mg) as white crystals. The mother liquor was concentrated under reduced pressure to obtain 7-(3-ethoxybenzyloxy)- 
1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid (340 mg) as a brown oil. This compound was used in the next 
reaction without further purification. 
M. p. 150-1 54°C 

1 H-NMR (200 MHz, DMSO-d 6 ) 6 1 .33 (3H, t, J = 7.0 Hz), 2.90 (2H, t, J = 6.2 Hz), 3.67 (2H, t, J = 6.7 Hz) 4 03 
(2H, q, J = 7.1 Hz), 5.21 (2H, s), 6.86-6.91 (1H, m), 6.99-7.02 (2H, m), 7.21 (1H, d, J = 8.8 Hz), 7.30 (1H, t J = 8 0 
Hz), 7.41 (1H,d-like),7.72(1H,s),7.94(1H,d, J = 8.8 Hz). ! 

IR (KBr) 1692, 1588, 1292, 1277, 1258, 1159, 1127 cirri. 
[0568] Anal. Calcd. for C^OeS (0.2 H 2 0) : C, 61 .27; H, 5.19. Found: C, 61 .06; H, 5.26. 

Example 1 1 7 (Production of compound 118) 

[0569] To 7-(3-ethoxybenzyloxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (250 mg) suspended in 
THF (1 0 ml) were added DMF (one drop) and thionyl chloride (0.090 ml), and the resulting mixture was stirred at room 
temperature for one hour. After concentration under reduced pressure, the residue was dissolved in THF (1 0 ml) To 
4-[N-methyl-N-(tetrahydropyran-4-yi) amino]methyl]aniline dihydrochloride (226 mg) suspended in THF (5 ml) was add- 
ed dropwise triethylamine (0.67 ml), and then thereto was added dropwise at 0°C the above-prepared solution of the 
acid chloride in THF. The resulting mixture was stirred at 0°C for 20 minutes and at room temperature for 16 hours 
The reaction mixture was concentrated, ethyl acetate was added to the residue and the resulting mixture was washed 
successively with water and an aqueous saturated solution of sodium chloride, and was then dried with anhydrous 
magnesium sulfate. After concentration under reduced pressure to remove the solvent, the residue was subjected to 
purification using silica gel column chromatography (ethyl acetate -> ethyl acetate : ethanol = 10:1) and further to 
recrystallization from ethanol to obtain 7-(3-ethoxybenzyloxy)-N-[4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl] 
pheny1]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxamide (compound 118) (71 mg) as white crystals 
so M. p. 189-192°C 

1 H-NMR (200 MHz, CDCI 3 ) 5 1 .42 (3H, t, J = 6.9 Hz), 1 .60-1 .75 (4H, m), 2.21 (3H, s), 2.60-2.69 (1 H m) 3 08 
(2H, t, J = 6.8 Hz), 3.37 (2H, td, J = 11.2, 3.1 Hz), 3.57 (2H, s), 3.68 (2H, t, J = 6.8 Hz), 4.04 (2H, q, J = 7 0 Hz) 
3.99-4.10 (2H, m), 5.12 (2H, s), 6.86-7.06 (5H, m), 7.20 (1H, s), 7.29-7.34 (3H, m), 7.53 (2H, d, J = 8.4 Hz), 7.85 (1h! 
s), 8.08 (1H, d, J = 8.4 Hz). 
55 |R (KBr) 1663, 1597, 1566, 1410, 1291, 1264, 1163, 1142, 1125, 1065, 735 cnv" 

[0570] Anal. Calcd. for C^H^OqS (0.3 H 2 0) : C, 66.49; H, 6.53, N, 4.70. Found: C, 66.29; H, 6.42, N, 4.47. 
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Reference Example 159 

[0571] To salicylaldehyde (12.2 g) dissolved in DMF (100 ml) were added 1-bromopropane (14.7 g) and potassium 
carbonate (20.7 g), and the resulting mixture was stirred at room temperature for 21 .5 hours. The reaction mixture was 
5 diluted with ethyl acetate and washed with water and an aqueous saturated solution of sodium chloride, and the organic 
layer was dried with anhydrous magnesium sulfate. The resulting organic layer was evaporated under reduced pressure 
to remove the solvent to obtain 2-propoxybenzaldehyde (15.47 g) as an oil. 

1 H-NMR (200 MHz, CDCI3) 5 1.08 (3H, t, J = 7.3 Hz), 1.89 (2H, sextet, J = 7.0 Hz), 4.05 (2H, t, J = 6.4 Hz), 
6.96-7.05 (2H, m), 7.54 (1 H, td, J = 7.9, 1 .9 Hz), 7.B4 (1 H, dd, J = 7.6, 1 .8 Hz), 1 0.53 (1 H, s). 

10 

Reference Example 160 

[0572] 3-Propoxybenzaldehyde (15.47 g) and methyl (triphenylphosphoranylidene)acetate was suspended in tolu- 
ene (150 ml), and the resulting suspension was heated at reflux for 2 hours. The reaction mixture was diluted with ethyl 

15 acetate and was washed respectively with water and an aqueous saturated solution of sodium chloride, and the organic 
layer was dried with anhydrous magnesium sulfate. After concentration under reduced pressure to remove the solvent, 
the precipitated triphenylphosphine oxide was removed and was washed with ether. The filtrate was concentrated 
under reduced pressure, and the residue was purified by silica gel column chromatography (hexane : ethyl acetate = 
6 : 1) to obtain ethyl 2-propoxycinnamate (21 .24 g) as a yellow oil. 

20 1H-NMR (200 MHz, CDCI 3> ratio: ca. 5 : 1) 5 1 .03 (0.5H, t, J = 7.5 Hz), 1 .08 (2.5H, t, J = 7.5 Hz), 1 .21 (0.5H, t, 

J = 7.1 Hz), 1 .34 (2.5H, t, J = 7.1 Hz), 1 .85 and 1 .89 (2H, each sextet, J = 7.1 Hz), 3.94 (0.33H, t, J = 6.4 Hz), 4.00 
(1 .67H, t, J = 6.6 Hz), 4.14 (0.33H, q, J = 7.4 Hz), 4.26 (1 .67H, q, J = 7.2 Hz), 5.95 (0.1 7H, d, J = 12.4 Hz), 6.54 (0.83H, 
d, J = 16.2 Hz), 6.85 (0.17H, d, J = 8.4 Hz), 6.90 (0.83H, d, J = 9.2 Hz), 6.94 (1H, t, J = 7.1 Hz), 7.00 (0.17H, d, J = 
12.8 Hz), 7.32 (1 H, td, J = 7.8, 1 .6 Hz), 7.51 (0.B3H, dd, J = 7.5, 1 .7 Hz), 7.58 (0.1 7H, dd, J = 7.5, 1 .7 Hz), 8.02 (0.83H, 

25 d, J = 16.6 Hz). 

Reference Example 1 61 

[0573] To lithium aluminum hydride (6.87 g) suspended in diethyl ether (300 ml) was added dropwise at 0°C a solution 
30 of ethyl 2-propoxycinnamate (21 .2 g) in diethyl ether (1 00 ml) over a period of 40 minutes. After the dropwise addition, 
the resulting mixture was stirred at room temperature for one hour. Water (7 ml), a 15% aqueous solution of sodium 
hydroxide (7 ml) and water (21 ml) were added to the reaction mixture, and the resulting mixture was further stirred at 
room temperature for one hour. The reaction mixture was diluted with diethyl ether and was dried by addition of anhy- 
drous magnesium sulfate. After the resulting mixture was filtered, the filtrate was concentrated under reduced pressure 
35 to obtain 3-(2-propoxyphenyl)-1 -propanol (1 7.01 g) as a colorless oil. 

1 H-NMR (200 MHz, CDCI 3 ) 5 1 .06 (3H, t, J = 7.3 Hz), 1 .75-1.93 (4H, m), 2.75 (2H, t, J = 7.1 Hz), 3.60 (2H, q, J 
= 5.7 Hz), 3.95 (2H, t, J = 6.4 Hz), 6.83-6.92 (2H, m), 7.13-7.24 (2H, m). 

Reference Example 162 

40 

[0574] To 3-(2-propoxyphenyl)-1 -propanol (729 mg) dissolved in TH F (35 ml) were added at 0°C triethylamine (1 .57 
mi) and methanesulfonyl chloride (0.44 ml). The resulting mixture was stirred at 0°C for 20 minutes and at room tem- 
perature for 2 hours. The reaction mixture was diluted with ethyl acetate and was washed respectively with water and 
an aqueous saturated solution of sodium chloride, and the organic layer was dried with magnesium sulfate. The re- 
^5 suiting organic layer was evaporated under reduced pressure to remove the solvent to obtain 3-(2-propoxyphenyl) 
propyl methanesulfonate (1 .06 g) as a colorless oil. 

1 H-NMR (200 MHz, CDCI 3 ) 8 1 .06 (3H, t, J = 7.5 Hz), 1 .83 (2H, sextet, J = 7.0 Hz), 2.07 (2H, quint, J = 6.9 Hz), 
2.76 (2H, t, J = 7.3 Hz), 2.98 (3H, s), 3.93 (2H, t, J = 6.4 Hz), 4.24 (2H, t, J = 6.6 Hz), 6.82-6.91 (2H, m), 7.1 1 -7.22 (2H, m). 

so Reference Example 1 63 

[0575] Methyl 7-hydroxy-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (400 mg), 3-(2-propoxyphenyl)propyi 
methanesulfonate (1.06 g) and potassium carbonate (309 mg) were suspended in DMF (15 ml), and the resulting 
suspension was stirred at 60° C for 3 hours. The reaction mixture was diluted with ethyl acetate and was washed 
55 respectively with water and an aqueous saturated solution of sodium chloride, and the organic layer was dried with 
anhydrous magnesium sulfate. After concentration under reduced pressure to remove the solvent, the residue was 
purified by silica gel column chromatography (hexane : ethyl acetate = 3 : 1) to obtain methyl 7-[3-{2-propoxyphenyl) 
propoxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (832 mg) as a yellow oil. 
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[0576] To methyl 7-[3-(2-propoxypheny0propoxy]-1,1-dto (832 mg) 

dissolved in THF-methanol (15-7.5 ml) was added a 2 M aqueous solution of potassium carbonate (1 .5 ml), and the 
resulting mixture was stirred at 60°C for 20 hours. The reaction mixture was treated with 1 N hydrochloric acid to bring 
the pH to 2. The resulting mixture was extracted with ethyl acetate, and the organic layer was washed with an aqueous 
saturated solution of sodium chloride and was dried with anhydrous magnesium sulfate. After concentration under 
reduced pressure to remove the solvent, the precipitated crystals were washed with ethyl acetate to obtain 7-[3-(2-pro- 
poxyphenyl)propoxy]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid (474 mg) as white crystals. 
M. p. 153-157°C 

1 H-NMR (200 MHz, DMSO-d 6 ) 5 0.98 (3H, t, J = 7.3 Hz), 1 .70 (2H, sextet, J = 6.9 Hz), 2.00 (2H, quint-like), 2.72 
(2H, t, J = 7.6 Hz), 2.90 (2H, t, J = 6.4 Hz), 3.67 (2H, t, J = 6.6 Hz), 3.90 (2H, t, J = 6.3 Hz), 4.11 (2H, t, J = 6.3 Hz), 
6.84 (1 H, t, J = 7.3 Hz), 6.92 (1 H, d, J = 7.2 Hz), 7.09-7.1 9 (3H, m), 7.30 (1 H, d, J = 2.2 Hz), 7.72 (1 H, s), 7.92 (1 H, d, 
J = 8.8 Hz). 

IR (KBr) 1674, 1597, 1566, 1493, 1454, 1319, 1296, 1279, 1251, 1167, 1130, 1071,747,527 cm* 1 . 
[0577] Anal. Calcd. for C2 3 H 26 0 6 S (0.4 H 2 0) : C, 63.11 ; H, 6.17. Found: C, 62.92; H, 6.37 

Example 118 (Production of compound 119) 



[0578J To 7-f3-(2-propoxyphenyl)propoxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid (504 mg) sus- 
pended in THF (20 ml) were added DMF (one drop) and thionyl chloride (0.17 ml), and the resulting mixture was stirred 
at room temperature for one hour. After concentration under reduced pressure, the residue was dissolved in THF (25 
ml). To 4-dN-methyl-N-(tetrahydropyran-4-yl)amino]methyl]aniline di hydrochloride (412 mg) suspended in THF (12 ml) 
was added dropwise triethylamine (1 .22 mi), and then thereto was added dropwise at 0°C the above-prepared solution 
of the acid chloride in THF. The resulting mixture was stirred- at room temperature for 4 hours. The reaction mixture 
was concentrated, ethyl acetate was added to the residue, and the resulting mixture was washed successively with 
water and an aqueous saturated solution of sodium chloride, and was then dried with anhydrous magnesium sulfate. 
After concentration under reduced pressure to remove the solvent, the solid residue was recrystallized from ethanol 
to obtain N-[4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl]phenyl]-7-[3-(2-propoxyphenyl)propoxy]-1 ,1 -dioxo- 
2,3-dihydro-1 -benzothiepine-4-carboxamide (compound 119) (469 mg) as white crystals. 
M. p. 184-186°C 

1 H-IMMR (200 MHz, CDCI 3 ) 8 1 .05 (3H, t, J = 7.5 Hz), 1 .64-1 .82 (4H, m), 1 .80 (2H, sextet, J = 7.1 Hz), 2.12 (2H, 
quint, J = 7.3 Hz), 2.21 (3H, s), 2.57-2.72 (1H, m), 2.82 (2H, t, J = 7.3 Hz), 3.08 (2H, t, J = 6.6 Hz), 3.37 (2H, td, J = 
11.2, 3.0 Hz), 3.58 (2H, s), 3.68 (2H, t, J = 6.8 Hz), 3.92 (2H, t, J = 6.4 Hz), 4.00-4.07 (2H, m), 4.03 (2H, t, J = 6.4 Hz) 
6.82-6.96 (4H, m), 7.11-7.22 (3H, m), 7.32 (2H, d, J = 8.4 Hz), 7.54 (2H, d, J = 8.4 Hz), 7.84 (1H, s), 8.06 (1H, d, J = 
8.8 Hz). 

35 |R (KBr) 2940, 1667, 1595, 1522, 1493, 1454, 1410, 1291, 1260, 1242, 1163, 1125, 1065, 754, 735 cm- 1 . 

[0579] Anal. Calcd. for Ca^N^S (0.1 H 2 0) : C, 68.13; H, 7.02, N, 4.41 . Found: C, 67.93; H, 7.02, N, 4.24. 



Reference Example 1 64 

[0580] To 3-hydroxybezaIdehyde (12.2 g) dissolved in DMF (100 ml) were added 1-bromopropane (14.7 g) and 
potassium carbonate (20.7 g), and the resulting mixture was stirred at room temperature for 17 hours. The reaction 
mixture was diluted with ethyl acetate and washed respectively with water and an aqueous saturated solution of sodium 
chloride, and the organic layer was dried with anhydrous magnesium sulfate. The resulting organic layer was evapo- 
rated under reduced pressure to remove the solvent to obtain 2-propoxybenzaldehyde (1 6.1 8 g) as an oil. 

1 H-NMR (200 MHz, CDCI3) 6 1.05 (3H, t, J = 7.5 Hz), 1.84 (2H, sextet, J = 7.0 Hz), 3.98 (2H, t, J = 6.6 Hz) 
7.15-7.22 (1H, m), 7.38-7.46 (3H, m), 9.97 (1H, s). 

Reference Example 1 65 

[0581] To ethyl diethylphosphonoacetate (24.7 g) was added THF (200 ml), and sodium hydride (60%, 4.4 g) was 
added at 0°C to the resulting mixture, to which was then added dropwise a solution of 3-propoxybenzaldehyde (16.1 
g) in THF (100 ml). The resulting mixture was stirred at room temperature for 1.5 hours. The reaction mixture was 
poured into water, was neutralized with hydrochloric acid and was extracted with ethyl acetate. The organic layer was 
washed with an aqueous saturated solution of sodium chloride and was dried with anhydrous magnesium sulfate. After 
concentration under reduced pressure to remove the solvent, the residue was purified by silica gel column chroma- 
tography (hexane : ethyl acetate = 6 : 1) to obtain ethyl 3-propoxycinnamate (24.0 g) as a yellow oil. 

1 H-NMR (200 MHz, CDCI3) 5 1 .05 (3H, t, J = 7.5 Hz), 1 .34 (3H, t, J = 7.1 Hz), 1 .82 (2H, sextet, J = 7.0 Hz), 3.94 
(2H, t, J = 6.4 Hz), 4.27 (2H, q, J = 7.2 Hz), 6.42 (1H, d, J = 16.2 Hz), 6.90-6.95 (1H, m), 7.05-7.12 (2H, m), 7.29 (1H, 
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t, J = 7.7 Hz), 7.65 (1H, d, J = 16.2 Hz). 
Reference Example 166 

5 [0582] To lithium aluminum hydride (7.58 g) suspended in diethyl ether (300 ml) was added dropwise at 0°C a solution 
of ethyl 3-propoxycinnamate (24.0 g) in diethyl ether (100 ml) over a period of one hour. After the dropwise addition, 
the resulting mixture was stirred at room temperature for one hour. Water (7.6 ml), a 1 5% aqueous solution of sodium 
hydroxide (7.6 ml) and water (22 ml) were added to the reaction mixture, which was further stirred at room temperature 
for 0.5 hour. The reaction mixture was diluted with diethyl ether and was dried with anhydrous magnesium sulfate. 

10 After the resulting mixture was filtered, the filtrate was concentrated under reduced pressure, and the residue was 
purified by silica gel column chromatography (hexane : ethyl acetate = 4 : 1 ) to obtain 3-(3-propoxyphenyl)-1 -propanol 
(15.23 g) as a colorless oil. 

1 H-NMR (200 MHz, CDCI3) 5 1.04 (3H, t, J = 7.5 Hz), 1.27 (1H, t, J = 3.7 Hz), 1.83 (2H, sextet, J = 7.1 Hz), 
1.81-1.96 (2H, m), 2.68 (2H, t, J = 7.7 Hz), 3.68 (2H, q, J = 5.9 Hz), 3.91 (2H, t, J = 6.6 Hz), 6.70-6.80 (3H, m), 7.19 
15 (1H,t, J = 8.1 Hz). 

Reference Example 1 67 

[0583] To a mixture of 3-(3-propoxyphenyl)-1 -propanol (731 mg) and THF (20 ml) were added at 0°C triethylamine 
20 (1 .57 ml) and methanesulfonyt chloride (0.44 ml). The resulting mixture was stirred at 0°C for 20 minutes and at room 
temperature for 0.5 hour. The reaction mixture was diluted with ethyl acetate and was washed respectively with water 
and an aqueous saturated solution of sodium chloride, and the organic layer was dried with anhydrous magnesium 
sulfate. The resulting organic layer was evaporated under reduced pressure to remove the solvent to obtain 3-(3-pro- 
poxyphenyl)propyi methanesulfonate (1 .10 g) as a colorless oil. 
25 [0584] 1 H-NMR (200 MHz, CDCI3) 5 1.04 (3H, t, J = 7.3 Hz), 1 .80 (2H, sextet, J = 7.1 Hz), 2.01-2.14 (2H, m), 2.72 
(2H, t, J = 7.5 Hz), 3.00 (3H, s), 3.91 (2H, t, J = 6.6 Hz), 4.23 (2H, t, J = 6.2 Hz), 6.74-6.78 (3H, m), 7.16-7.24 (1H, m). 

Reference Example 168 

30 [0585] Methyl 7-hydroxy-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxyIate (394 mg), 3-(3-propoxyphenyl) propyl 
methanesulfonate (1099 mg) and potassium carbonate (304 mg) were suspended in DMF (15 ml), and the resulting 
suspension was stirred at 70°C for 5 hours. The reaction mixture was diluted with ethyl acetate and was washed 
respectively with water and an aqueous saturated solution of sodium chloride, and the organic layer was dried with 
anhydrous magnesium sulfate. After concentration under reduced pressure to remove the solvent, the residue was 

35 purified by silica gel column chromatography (hexane : ethyl acetate = 3 : 1) to obtain methyl 7-{3-(3-propoxyphenyl) 
propoxy]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (765 mg) as a yellow oil. 

[0586] To methyl 7-[3-(3-propoxyphenyl)propoxy]-1,1-dioxo-2 l 3-dihydro-1-benzothiepine-4-carboxylate (765 mg) 
dissolved in THF-methanol (15-7.5 ml) was added a 2 M aqueous solution of potassium carbonate (1 .5 ml), and the 
resulting mixture was stirred at 60°C for 1 8 hours. The reaction mixture was treated with 1 N hydrochloric acid to bring 
40 the pH to 2. The resulting mixture was extracted with ethyl acetate and the organic layer was washed with an aqueous 
saturated solution of sodium chloride and was dried with anhydrous magnesium sulfate. After concentration under 
reduced pressure to remove the solvent, the precipitated crystals were washed with hexane-ethyl acetate to obtain 
7-[3-(3-propoxyphenyl)propoxy]-1 ,1 -dioxo-2, 3-di hydro- 1 -benzothiepine-4-carboxy lie acid (470 mg) as white crystals. 
M. p. 128-131°C 

45 1 H-NMR (200 MHz, DMSO-de) 8 0.95 (3H, t, J = 7.3 Hz), 1 .69 (2H, sextet, J = 7.0 Hz), 2.04 (2H, quint, J = 7.1 

Hz), 2.71 (2H, t, J = 7.4 Hz), 2.90 (2H, t, J = 6.6 Hz), 3.67 (2H, t, J = 6.6 Hz), 3.87 (2H, t, J = 6.6 Hz), 4.09 (2H, t, J = 
6.2 Hz), 6.72-6.80 (3H, m), 7.14 (1 H, dd, J = 8.4, 2.2 Hz), 7.18 (1H, t, J = 7.9 Hz), 7.32 (1H, d-like), 7.72 (1H, s), 7.93 
(1H, d, J = 8.4 Hz). 

IR (KBr) 1698, 1595, 1564, 1319, 1291, 1277, 1258, 1163, 1130, 1071, 748 cm' 1 . 
50 [0587] Anal. Cated. for C^H^C^S (0.4 H 2 0): C, 63.11 ; H, 6.17. Found: C, 62.95; H, 5.95. 

Example 119 (Production of compound 120) 

[0588] To 7-[3-(3-propoxyphenyI) propoxyH ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (395 mg) sus- 
55 pended in THF (12 ml) were added DMF (one drop) and thionyl chloride (0.13 ml), and the resulting mixture was stirred 
at room temperature for one hour. After concentration under reduced pressure, the residue was dissolved in THF (10 
ml). To 4-HN-methyl-N-(tetrahydropyran-4-yl)amino]methyl]aniline dihydrochloride (323 mg) suspended in THF (12 ml) 
was added dropwise triethylamine (0.96 ml), and then thereto was added dropwise at 0°C the above-prepared solution 
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of the acid chloride in THF. The resulting mixture was stirred at room temperature for 15 hours. The reaction mixture 
was concentrated and was diluted with ethyl acetate, ant the resulting mixture was washed successively with water 
and an aqueous saturated solution of sodium chloride, and was then dried with anhydrous magnesium sulfate. After 
concentration under reduced pressure to remove the solvent, the residue was subjected to purification using silica gel 
5 column chromatography (ethyl acetate -> ethyl acetate : ethanol = 10:1) and furtherto recrystallization from ethanol 
to obtain N-[4-[[N-methyl-N-(tetrahyd ,1 -dioxo- 

2,3-dihydro-1-benzothiepine-4-carboxamide (compound 120) (302 mg) as white crystals. 
M. p. 145-146°C 

1 H-IMMR (200 MHz, CDCI 3 ) 6 1 .02 (3H, t, J = 7.5 Hz), 1 .66-1.B1 (4H, m), 1 .79 (2H, sextet, J = 7.2 Hz), 2.14 (2H, 
10 quint, J = 7.1 Hz), 2.21 (3H, s), 2.57-2.70 (1H, m), 2.78 (2H, t, J = 7.5 Hz), 3.09 (2H, t, J = 6.8 Hz), 3.37 (2H, td, J = 
11 .2, 2.9 Hz), 3.57 (2H, s), 3.68 (2H, t, J = 6.7 Hz), 3.89 (2H, t, J = 6.6 Hz), 4.00-4.06 (2H, m), 4.03 (2H, t, J = 6.3 Hz), 
6.73-6.79 (3H, m), 6.88 (1 H, d, J = 2.2 Hz), 6.94 (1 H, dd, J = 8.8, 2.6 Hz), 7.20 (1 H, s and 1 H, t, J = 8.1 Hz), 7.32 (2H, 
d, J = 8.4 Hz), 7.54 (2H, d, J = 8.4 Hz), 7.84 (1H, s), 8.07 (1H, d, J = 8.8 Hz). 

IR (KBr) 2948, 1667, 1595, 1564, 1526, 1518, 1408, 1316, 1289, 1262, 1161, 1142, 1125, 1065 cm" 1 . 
15 [0589] Anal. Calcd. for 03^44^068 (0.4 H 2 0) : C, 67.56; H, 7.06, N, 4.38. Found: C, 67.32; H, 6.82, N, 4.30. 

Reference Example 169 

[0590] A mixture of 3-(4-hydroxypheny!)-1 -propanol (1.33 g), 1 -bromopropane (1.2 ml) and potassium carbonate 
20 (2.25 g) and acetone (1 00 ml) was heated at reflux for 2 days. After concentration under reduced pressure, the residue 

was mixed with water and was extracted with ethyl acetate. The organic layer was washed with a 1 N aqueous solution 

of sodium hydroxide and an aqueous saturated solution of sodium chloride, and was dried with magnesium sulfate. 

The resulting organic layer was evaporated under reduced pressure to remove the solvent to obtain 3-(4-propoxyphe- 

nyl)-1 -propanol (1 .61 g) as a colorless oily substance. 
25 1 H-NMR (200 MHz, CDCI 3 ) 6 1 .03 (3H, t, J = 7.5 Hz), 1 .70-1 .91 (4H, m), 2.61-2.69 (3H, m), 3.67 (2H, t, J = 6.5 

Hz), 3.90 (2H, t, J = 6.6 Hz), 6.83 (2H, d, J = 8.4 Hz), 7.10 (2H, d, J = 8.4 Hz). 

Reference Example 1 70 



30 [0591] To a mixture of 3-(4-propoxyphenyl)-1 -propanol (735 mg) and THF (20 ml) were added at 0°C triethylamine 
(1 .58 mi) and methanesulfonyi chloride (0.44 ml). The resulting mixture was stirred at 0°C for 20 minutes and at room 
temperature for 20 minutes. The reaction mixture was diluted with ethyl acetate and was washed respectively with 
water and an aqueous saturated solution of sodium chloride, and the organic layer was dried with anhydrous magne- 
sium sulfate. The resulting organic layer was evaporated under reduced pressure to remove the solvent to obtain 

35 3-(4-propoxyphenyl)propyl methanesulfonate (1 .02 g) as a colorless oil. 

1 H-NMR (200 MHz, CDCI 3 ) 6 1 .03 (3H, t, J = 7.5 Hz), 1 .80 (2H, sextet, J = 7.0 Hz), 2.04 (2H, quint, J = 7.0 Hz), 
2.69 (2H, t, J = 7.5 Hz), 2.99 (3H, s), 3.90 (2H, t, J = 6.6 Hz), 4.22 (2H, t, J = 6.4 Hz), 6.81 -6.87 (2H, m), 7.07-7. 1 1 (2H, m). 

Reference Example 1 71 

40 

[0592] Methyl 7-hydroxy-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (401 mg), 3-(4-propoxyphenyl)propyl 
methanesulfonate (1017 mg) and potassium carbonate (310 mg) were suspended in DMF (15 ml), and the resulting 
suspension was stirred at 70°C for 5 hours. The reaction mixture was diluted with ethyl acetate and was washed 
respectively with water and an aqueous saturated solution of sodium chloride, and the organic layer was dried with 
45 anhydrous magnesium sulfate. After concentration under reduced pressure to remove the solvent, the residue was 
purified by silica gel column chromatography (hexane : ethyl acetate = 3 : 1) to obtain methyl 7-[3-(4-propoxyphenyl) 
propoxy]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (937 mg) as a yellow oil. 

[0593] To methyl 7-I3-(4-propoxyphenyl)propoxy]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (937 mg) 
dissolved in THF-methanol (15-7.5 ml) was added a 2 M aqueous solution (1 .5 ml) of potassium carbonate, and the 

50 resulting mixture was stirred at 60°C for 18.5 hours. The reaction mixture was treated with 1 N hydrochloric acid to 
bring the pH to 2. The resulting mixture was extracted with ethyl acetate, and the organic layer was washed with an 
aqueous saturated solution of sodium chloride and was dried with anhydrous magnesium sulfate. After evaporation 
under reduced pressure to remove the solvent, the precipitated crystals were washed with hexane-ethyl acetate to 
obtain 7-[3-(4-propoxyphenyl)propoxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid (333 mg) as white 

55 crystals. 

M. p. 168-170°C 

1 H-NMR (200 MHz, DMSO-d 6 ) 5 0.97 (3H, t, J = 7.3 Hz), 1 .71 (2H, sextet, J = 7.1 Hz), 2.00 (2H, quint-like), 2.67 
(2H, t, J = 7.3 Hz), 2.90 (2H, t-like), 3.67 (2H, t, J = 6.6 Hz), 3.87 (2H, t, J = 6.6 Hz), 4.08 (2H, Mike), 6:83 (2H, d, J = 
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8.4 Hz), 7.10-7.14 (1H, m), 7.12 (2H, d, J = 8.4 Hz), 7.30 (1H, d-like), 7.72 (1H, s), 7.93 (1H, d, J = 9.0 Hz). 

IR (KBr) 1686, 1593, 1564, 1510, 1294, 1279, 1240, 1163, 1130, 1073 cm' 1 . 
[0594] Anal. Calcd. for C^H^S (0.3 H 2 0): C, 63.37; H, 6.15. Found: C, 63.07; H, 6.21 . 

5 Example 1 20 (Production of compound 121) 

[0595] To 7-[3- (4-propoxyphenyl)propoxy]-1 ,1 -dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid (260 mg) sus- 
pended in THF (12 ml) were added DMF (one drop) and thionyl chloride (0.088 ml), and the resulting mixture was 
stirred at room temperature for one hour. After concentration under reduced pressure, the residue was dissolved in 

10 THF (10 ml). To 4-QN-methyl-N-(tetrahydropyran-4-y0amino]methyl]aniline dihydrochloride (213 mg) suspended in 
THF (12 ml) was added dropwise triethylamine (0.63 ml), and then thereto was added dropwise at 0°C the above- 
prepared solution of the acid chloride in THF. The resulting mixture was stirred at room temperature for 15 hours. The 
reaction mixture was concentrated and was diluted with ethyl acetate, and the resulting mixture was washed succes- 
sively with water and an aqueous saturated solution of sodium chloride, and was then dried with anhydrous magnesium 

is sulfate. After concentration under reduced pressure to remove the solvent, the residue was subjected to purification 
using silica gel column chromatography (ethyl acetate -> ethyl acetate : ethanol - 1 0 : 1 ) and further to recrystallization 
from ethanol to obtain N-[4-fl;N-methyl-N-(tetrahydropyran-4-yl)amino]methyl]pheny!]-7-[3-(4-propoxyphenyl)propoxy]- 

I, 1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxamide (compound 121) (281 mg) as white crystals. 

M. p. 178-181°C 

20 1 H-NMR (200 MHz, CDCI3) 5 1 .02 (3H, t, J = 7.4 Hz), 1 .69-1 .81 (4H, m), 1 .79 (2H, sextet, J = 7.1 Hz), 2.10 (2H, 

quint, J = 7.3 Hz), 2.20 (3H, s), 2.57-2.67 (1H, m), 2.75 (2H, t, J = 7.4 Hz), 3.08 (2H, t, J = 6.6 Hz), 3.37 (2H, td, J = 

II . 1 , 3.1 Hz), 3.57 (2H, s), 3.68 (2H, t, J = 6.7 Hz), 3.89 (2H, t, J = 6.6 Hz), 4.01 (2H, t, J = 6.2 Hz), 4.01-4.06 (2H, m), 
6.83 (2H, d, J = 8.4 Hz), 6.89 (1H, d, J = 2.2 Hz), 6.94 (1H, dd, J = 8.6, 2.4 Hz), 7.09 (2H, d, J = 8.8 Hz), 7.20 (1H, s), 
7.32 (2H, d, J = 8.8 Hz), 7.53 (2H, d, J = 8.4 Hz), 7.84 (1H, s), 8.07 (1H, d, J = 8.8 Hz) 

25 |R (KBr) 2942, 1665, 1595, 1512, 1408, 1314, 1289, 1244, 1163, 1125, 1065 cm" 1 . 

[0596] Anal. Calcd. for C^H^NgOsS (0.6 H z O): C, 67.18; H, 7.08, N, 4.35. Found: C, 66.93; H, 6.93, N, 4.43. 

Reference Example 172 

30 [0597] To protocatechualdehyde (5.1 5 g) dissolved in DMF (70 ml) were added iodoethane (1 4.5 g) and potassium 
carbonate (15.5 g), and the resulting mixture was stirred at room temperature for 17.5 hours. The reaction mixture was 
diluted with ethyl acetate and washed respectively with water, a 1 N aqueous solution of sodium hydroxide, water and 
an aqueous saturated solution of sodium chloride, and the organic layer was dried with anhydrous magnesium sulfate. 
After evaporation under reduced pressure to remove the solvent, the residue was purified by silica gel column chro- 

35 matography (hexane : ethyl acetate = 4 : 1) to obtain 3,4-diethoxybenzaldehyde (6.73 g) as a yellow oil. 

1 H-NMR (200 MHz, CDCI3) 8 1.48 (3H, t, J = 6.9 Hz), 1.51 (3H, t, J = 6.9 Hz), 4.16 (2H, q, J = 7.0 Hz), 4.19 (2H, 
q, J = 6.9 Hz), 6.96 (1H, d, J = 8.0 Hz), 7.40 (1H, s), 7.43 (1H, dd, J = 8.0, 1 .8 Hz), 9.84 (1H, s). 

Reference Example 173 

40 

[0598] To a mixture of 3,4-diethoxybenzaldehyde (6.68 g) and methanol (100 ml) was added sodium borohydride 
(1 .30 g) at 0°C. The resulting mixture was stirred at 0°C for 45 minutes. The reaction mixture was mixed with water 
and was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium 
chloride and was dried with anhydrous magnesium sulfate. The resulting organic layer was evaporated under reduced 
45 pressure to remove the solvent to obtain 3,4-diethoxybenzyl alcohol (6.64 g) as a yellow oil. 

1 H-NMR (200 MHz, CDCI3) 8 1 .445 (3H, t, J = 7.0 Hz), 1 .452 (3H, t, J = 7.1 Hz), 1 .62 (1H, br s), 4.09 (2H, q, J 
= 6.9 Hz), 4.11 (2H, q, J = 7.0 Hz), 4.60 (2H, s), 6.86-6.93 (3H, m). 

Reference Example 1 74 

so 

[0599] To 3,4-diethoxybenzyl alcohol (736 mg) dissolved in toluene (10 ml) were added pyridine (one drop) and 
thionyl chloride (0.41 ml), and the resulting mixture was stirred at room temperature for 20 minutes. The reaction mixture 
was diluted with ethyl acetate and the resulting mixture was washed with water, an aqueous saturated solution of 
sodium hydrogen carbonate and an aqueous saturated solution of sodium chloride, and was dried with anhydrous 
55 magnesium sulfate. The resulting organic layer was evaporated under reduced pressure to remove the solvent to 
obtain 3,4-diethoxybenzyl chloride (802 mg) as an oil. 

[0600] Methyl 7-hydroxy-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (403 mg), 3,4-diethoxybenzyl chlo- 
ride (802 mg) and potassium carbonate (311 mg) were suspended in DMF (15 ml), and the resulting suspension was 
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stirred at 70°C for 3 hours. The reaction mixture was diluted with ethyl acetate and was washed respectively with water 
and an aqueous saturated solution of sodium chloride, and the organic layer was dried with anhydrous magnesium 
sulfate. After evaporation under reduced pressure to remove the solvent, the residue was purified by silica gel column 
chromatography (hexane : ethyl acetate = 3 : 1) to obtain methyl 7-(3,4-diethoxybenzyloxy)-1,1-dioxo-2,3-dihydro- 
1-benzothiepine-4-carboxylate (818 mg) as a yellow amorphous substance. 

[0601] To methyl /-(S^-diethoxybenzyloxy^l.l-dioxo-a.S-dihydro-l-benzothiepine^-carboxylate (818 mg) dis- 
solved in THF-methanol (15-7.5 ml) was added a 2 M aqueous solution of potassium carbonate (1.5 ml), and the 
resulting mixture was stirred at 60°C for 14 hours. The reaction mixture was treated with 1 N hydrochloric acid to bring 
the pH to 2. The resulting mixture was extracted with ethyl acetate, and the organic layer was washed with an aqueous 
saturated solution of sodium chloride and was dried with anhydrous magnesium sulfate. After evaporation under re- 
duced pressure to remove the solvent, the precipitated crystals were washed with hexane-ethyl acetate to obtain 
7-(3,4-diethoxybenzyloxy)-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (3.02 g) as white crystals 
M. p. 145-146°C (dec). 

1 H-NMR (200 MHz, DMSO-d 6 ) 5 1 .32 (6H, t, J = 6.9 Hz), 2.90 (2H, t, J = 6.6 Hz), 3.68 (2H, t, J = 6.4 Hz), 4.02 
(2H, q, J = 7.2 Hz), 4.03 (2H, q, J = 7.0 Hz), 5.14 (2H, s), 6.94 (1H, d, J = 8.0 Hz), 6.99 (1H, d, J = 9.8 Hz), 7.07 (1H, 
s), 7.21 (1 H, dd, J = 8.9, 2.3 Hz), 7.41 (1 H, d, J = 2.2 Hz), 7.72 (1 H, s), 7.94 (1 H, d, J = 8.8 Hz). 

IR (KBr) 1674, 1593, 1566, 1514, 1292, 1258, 1225, 1165, 112B, 1069, 1038 cm-1. 
[0602] Anal. Calcd. for C^H^OjS (0.3 H 2 0) : C, 60.34; H, 5.66. Found: C, 60.15; H, 5.58. 

Example 121 (Production of compound 122) 

[0603] To 7-(3,4-diethoxybenzyloxy)-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylic acid (293 mg) suspended 
in THF (1 3 ml) were added DMF (one drop) and thionyl chloride (0.15 ml), and the resulting mixture was stirred at room 
temperature for one hour. After concentration under reduced pressure, the residue was dissolved in THF (1 0 ml). To 
4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methy0aniline dihydrochloride (298 mg) suspended in THF (12 ml) was 
added dropwise triethylamine (0.91 ml), and then thereto was added dropwise at 0°C the above-prepared solution of 
the acid chloride in THF. The resulting mixture was stirred at room temperature for 60.5 hours. The reaction mixture 
was concentrated and was diluted with ethyl acetate, -and the resulting mixture was washed successively with water 
and an aqueous saturated solution of sodium chloride, and was then dried with anhydrous magnesium sulfate. After 
evaporation under reduced pressure to remove the solvent, the residue was subjected to purification using silica gel 
column chromatography (ethyl acetate -> ethyl acetate : ethanol = 10 : 1) and further to recrystallization from ethanol 
to obtain N-[4-[[N-methyl-N-(tetrahydropyran-4-yl)amino]methyl)phenyl]-7-(3,4-diethoxybenzyloxy)-1 ,1 -dioxo-2,3-di- 
hydro-1-benzothiepine-4-carboxamide (compound 122) (212 mg) as white crystals. 
M. p. 186-188°C 

1 H-NMR (200 MHz, CDCl 3 ) 6 1 .46 (6H, t, J = 7.0 Hz), 1 .69-1 .77 (4H, m), 2.21 (3H, s), 2.57-2.70 (1H, m), 3 09 
(2H, t, J = 6.8 Hz), 3.37 (2H, td, J = 11.2, 2.9 Hz), 3.57 (2H, s), 3.69 (2H, t, J = 6.8 Hz), 4.01-4.05 (2H, m), 4.11 (4H, 
q, J = 7.1 Hz), 5.05 (2H, s), 6.86-6.98 (4H, m), 7.04 (1H, dd, J = 8.6, 2.4 Hz), 7.21 (1H, s), 7.32 (2H, d, J = 8.6 Hz) 
7.54 (2H, d, J = 8.4 Hz), 7.87 (1H, s), 8.09 (1H, d, J = 8.8 Hz) 

IR (KBr) 1669, 1595, 1514, 1410, 1312, 1289, 1260, 1236, 1163, 1140, 1125, 1063, 1042, 737 cm^. 
[0604] Anal. Calcd. for C 35 H 42 N 2 0 7 S (0.3 H 2 0): C, 65.66; H, 6.71 , N, 4.38. Found: C, 65.56; H, 6.56, N, 4.35. 

Reference Example 175 

[0605] To methyl 7-hydroxy-1,1-dioxo-2 l 3-dihydro-1-benzothiepine-4-carboxylate (0.40 g) dissolved in methylene 
chloride (15 ml) was added 4-(2-propoxyethoxy)phenylboric acid (0.67 g) and molecular sieves 4A (0.8 g), and the 
resulting mixture was stirred for 5 minutes. To the reaction mixture were added cupric acetate (0.27 g) and triethylamine 
(1.04 ml), and the resulting mixture was stirred at room temperature for 5 hours. The reaction mixture was filtered 
through celite, and the filtrate was washed with ethyl acetate. The resulting solution was evaporated under reduced 
pressure to remove the solvent, and the residue was purified by silica gel column chromatography (hexane/ethyl acetate 
= 3/2) to obtain methyl 7-[4-(2-propoxyethoxy)phenoxy]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (0.23 g). 

1 H-NMR (200 MHz, CDCI3) 6 0.95 (3H, t, J = 7.4 Hz), 1 .57-1 .71 (2H, m), 3.07 (2H, t, J = 6.6 Hz), 3.55 (2H t J 
= 6.6 Hz), 3.65 (2H, t, 6.6 Hz), 3.78-3.85 (2H, m), 3.84 (3H, s), 4.10-4.17 (2H, m), 6.95-7.02 (6H, m), 7.69 (1H, s) 8 08 
(1H, d, J = 8.8 Hz). 

Reference Example 1 76 

[0606] To methyl 7-[4-(2-propoxyethoxy)phenoxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (0.40 g) dis- 
solved in THF (12 ml)/methanol (6.0 ml) was added a 1 N aqueous solution (2.7 ml) of sodium hydroxide, and the 
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resulting mixture was stirred at 65°C for 16 hours. After cooling to the room temperature, the reaction mixture was 
concentrated under reduced pressure to remove a half of the solvent. A 1 N aqueous solution of sodium hydroxide 
(3.0 ml) was added to the resulting mixture, which was washed with ethyl acetate. After being adjusted to pH = about 
5, the resulting aqueous layer was extracted with ethyl acetate and the extract was washed with an aqueous saturated 

5 solution of sodium chloride and was then dried with magnesium sulfate. After evaporation to remove the solvent, the 
resulting residue was washed with hexane/ethy! acetate (= 8/1) to obtain 7-[4-(2-propoxyethoxy)phenoxy]-1,1-dioxo- 
2 > 3-dihydro-1-benzothiepine-4-cartooxylic acid (0.25 g). 

1 H-NMR (200 MHz, CDOj) 5 0.95 (3H, t, J = 7.4 Hz), 1 .56-1 .74 (2H, m), 3.08 (2H, t, J = 6.2 Hz), 3.52 (2H, t, J 
= 6.6 Hz), 3.59-3.67 (2H, m), 3.79-3.84 (2H, m), 4.10-4.17 (2H, m), 6.97-7.03 (6H, m), 7.29 (1H, m), 8.09 (1H, d, J = 

10 8.6 Hz). 

Example 122 (Production of compound 123) 

[0607] To 7-[4-(2-propoxyethoxy)phenoxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine^-carboxylic acid (0.25 g) dis- 
15 solved in THF (7.5 ml) were added DMF (2 drops) and thionyl chloride (50 uJ), and the resulting solution, which was 
stirred at room temperature for one hour, was added dropwise under ice cooling to a solution of 4-[N-methyl-N-(tetrahy- 
dropyranyl-4-yl)aminomethyl]aniline (140 mg) and triethylamine (0.40 ml) in THF (7.5 ml), and the resulting mixture 
was stirred at room temperature for 2 hours. The reaction mixture was added into water, and the resulting mixture was 
extracted with ethyl acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride and 
20 was then dried with magnesium sulfate. After evaporation under reduced pressure to remove the solvent, the resulting 
residue was subjected to purification using silica gel column chromatography (ethyl acetate/ethanol = 3/1) and to re- 
crystallization from hexane/ethyl acetate to obtain N-[4-[N-methyl-N-(tetrahydropyranyl-4-yl)aminomethyl]phenyl]- 
7-[4-(2-propoxyemoxy)phenoxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4<arboxamide (compound 123) (115 mg). 
M. p. 106-109°C 

25 1 H-NMR (200 MHz, CDCI 3 ) 8 0.94 (3H, t, J = 7.4 Hz), 1 .55-1 .75 (6H, m), 2.20 (3H, s), 2.64 (1 H, m), 3.1 0 (2H, t, 

J = 6.6 Hz), 3.37 (2H, td, J = 11.0, 3.0 Hz), 3.50 (2H, t, J = 6.6 Hz), 3.57 (2H, s), 3.70 (2H, t, J = 6.6 Hz), 3.77-3.83 
(2H, m), 4.00-4.16 (4H, m), 6.89-7.02 (5H, m), 7.04 (1H, s), 7.31 (2H, d, J = 8.4 Hz), 7.51 (2H, d, J = 8.6 Hz), 7.89 (1H, 
s),8.08 (1H, d, J = 8.4 Hz) 

IR (KBr) 3281, 2955, 1649, 1599, 1501, 1410, 1238, 1204, 1125, 988, 829 cnr 1 . 

30 

Reference Example 1 77 

[0608] To methyl 7-hydroxy-1 .l-dioxo^.S-dihydro-l-benzothiepine^-carboxylate (0.40 g) dissolved in methylene 
chloride (15 ml) were added 3-(2-propoxyethoxy)phenylboric acid (0.67 g) and molecular sieves 4A (0.8 g), and the 

35 resulting mixture was stirred for 5 minutes. Thereto were added cupric acetate (0.27 g) and triethylamine (1 .04 ml), 
and the resulting mixture was stirred at room temperature for 5 hours. The reaction mixture was filtered through celite, 
and the filtrate was washed with ethyl acetate. The resulting solution was evaporated under reduced pressure to remove 
the solvent, and the residue was purified by silica gel column chromatography (hexane/ethyl acetate = 3/2) to obtain 
methyl 7-[3-(2-propoxyethoxy)phenoxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (0.36 g). 

40 1H-NMR (200 MHz, CDCI3) 5 0.93 (3H, t, J = 7.4 Hz), 1 .56-1 .69 (2H, m), 3.09 (2H, t, J = 6.4 Hz), 3.49 (2H, t, J 

= 6.6 Hz), 3.59-3.66 (2H, m), 3.76-3.81 (2H, m), 3.84 (3H, s), 4.09-4.14 (2H, m), 6.63-6.69 (2H, m), 6.79-6.85 (1 H, m), 
7.03-7.09 (2H S m), 7.31-7.35 (1H, m), 7.71 (1H, s), 8.10 (1H, d, J = 8.4 Hz). 

Reference Example 178 

45 

[0609] To methyl 7- [3-(2-propoxyethoxy) phenoxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (0.36 g) 
dissolved in THF (10.8 ml)/methanol (5.4 ml) was added a 1 N aqueous solution (2.4 m!) of sodium hydroxide, and the 
resulting mixture was stirred at 65°C for 16 hours. After cooling to the room temperature, the reaction mixture was 
concentrated under reduced pressure to remove a half of the solvent. A 1 N aqueous solution (3.0 ml) of sodium 

so hydroxide was added to the resulting mixture, which was washed with ethyl acetate. After being adjusted to pH = about 
5 with a 1 N aqueous solution of hydrochloric acid, the resulting aqueous layer was extracted with ethyl acetate, and 
the extract was washed with an aqueous saturated solution of sodium chloride and was then dried with magnesium 
sulfate. After evaporation to remove the solvent, the resulting residue was washed with hexane/ethyl acetate (= 8/1) 
to obtain 7-[3-(2-propoxyethoxy)phenoxy]-1 ,1 -dioxo-2 ,3-di hydro- 1-benzothiepine-4-carboxylic acid (0.27 g). 

55 1 H-NMR (200 MHz, CDCI3) 6 0.93 (3H, t, J = 7.4 Hz), 1.54-1.71 (2H, m), 3.06-3.13 (2H, m), 3.50 (2H, t, J = 6.6 

Hz), 3.60-3.67 (2H, m), 3.76-3.82 (2H, m), 4.07-4.13 (2H, m), 6.64-6.69 (2H, m), 6.79-6.85 (1 H, m), 7.04-7.10 (2H, m), 
7.26-7.36 (1H, m), 7.81 (1H, s), 8.12 (1H, d, J = 9.4 Hz). 
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Example 123 (Production of compound 124) 

[0S10J To 7-[3-(2-propoxyethoxy)phenoxy]-1 .l-djoxo^.S-dihydro-l-benzothiepine^-carboxylic acid (0.26 g) dis- 
solved in THF (7.8 ml) were added DMF (2 drops) and thionyl chloride (53 u.1), and the resulting mixture, which was 
stirred at room temperature for one hour, was added dropwise under ice cooling to a solution of 4-[N-methyl-N-(tetrahy- 
dropyranyl-4-yl)aminomethyl]aniline (146 mg) and triethylamine (0.42 ml) in THF (7.8 ml), and the resulting mixture 
was stirred at room temperature for 2 hours. The reaction mixture was mixed with water and was extracted with ethyl 
acetate. The organic layer was washed with an aqueous saturated solution of sodium chloride and was then dried with 
magnesium sulfate. After evaporation under reduced pressure to remove the solvent, the resulting residue was sub- 
jected to purification using silica gel column chromatography (ethyl acetate/ethanol = 4/1 ) and to recrystallization from 
hexane/ethyl acetate to obtain N-[4-[N-methyl-N-(tetrahydropyra^^ 
phenoxy]-1 ,1-dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide (compound 124) (1 08 mg). 
M. p. 98-1 02°C 

1 H-NMR (200 MHz, CDCI 3 ) 5 0.92 (3H, t, J = 7.2 Hz), 1.56-1.82 (6H, m), 2.20 (3H, s), 2.65 (1H, m), 3.10 (2H, t, 
J = 6.6 Hz), 3.36 (2H, td, J = 11 .0, 2.6 Hz), 3.48 (2H, t, J = 6.6 Hz), 3.57 (2H, s), 3.64-3.72 (2H, m), 3.75-3.81 (2H, m), 
4.10-4.13 (4H, m), 6.63-6.68 (2H, m), 6.77-6.83 (1H, m), 6.95 (1H, d, J = 2.2 Hz), 7.05 (1H, dd, J = 8.8, 2.4 Hz), 7.17 
(1H, s), 7.26-7.35 (3H, m), 7.52 (2H, d, J = 8.4 Hz), 8.05 (1H, s), 8.09 (1H, d, J = 8.4 Hz). 

IR (KBr) 3289, 2942, 1647, 1599, 1530, 1410, 1304, 1138, 1055 cm" 1 . 

Example 1 24 (Production of compound 1 25) 

[0611] To7-[4-(3-emoxypropyl)phenoxy]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylica 
in THF (5 ml) were added under ice cooling thionyl chloride (0.05 ml) and DMF (a catalytic amount), and the resulting 
mixture was stirred at room temperature for 1 .5 hours. After evaporation under reduced pressure to remove the solvent, 
the residue dissolved in THF (10 ml) was added dropwise to a solution of 4-[N-methyl-N-(tetrahydro-2H-pyran-4-yl) 
aminomethyl]aniline (0.08 g) and triethylamine (0.21 ml) in THF (5 ml) under ice cooling. After being stirred under a 
nitrogen atmosphere at room temperature for 4 hours, the reaction mixture was evaporated under reduced pressure 
to remove the solvent, was mixed with water and was extracted with ethyl acetate. The organic layer was washed with 
water and an aqueous saturated solution of sodium chloride, and was dried with anhydrous magnesium sulfate. After 
resulting organic layer was evaporated under reduced pressure to remove the solvent, the residue was subjected to 
purification using silica gel column chromatography (ethyl acetate/methanolrtriethylamine) to obtain crude crystals. 
The crude crystals were recrystallized from ethyl acetate/hexane to obtain 7-[4-(3-ethoxypropyl)phenoxy]-N-[4-[[N- 

methyl-N-(tetrahydro-2H-pyran-4-yl)amino]methyl]phenyl]-1,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxamide 
(compound 1 25) (0.1 5 g) as colorless crystals. 
M. p. 156-157°C 

1 H-NMR (5 ppm, CDCI3) 1 .22 (3H, t, J = 6.9 Hz), 1 .57-1 .76 (4H, m), 1 .84-1 .98 (2H, m), 2.20 (3H, s), 2.59-2.69 
(1H, m), 2.72 (2H, t, J = 6.2 Hz), 3.11 (2H, t, J = 6.6 Hz), 3.30-3.54 (6H, m), 3.56 (2H, s), 3.69 (2H, t, J = 6.8 Hz), 
4.01-4.07 (2H, m), 6.95-7.05 (4H, m), 7.16 (1 H, s), 7.23-7.33 (4H, m), 7.51 (2H, d, J = 8.4 Hz), 7.75 (1 H, s), 8.09 (1 H, 
d, J = 8.4 Hz). 

IR (KBr) v: 2946, 2853, 1667, 1595, 1507 cnr*. 
[0612] Anal. Calcd. for C 35 H 42 N 2 0 6 S: C, 67.94; H, 6.84; N, 4.53. Found: C, 67.64; H, 6.82; N, 4.41 . 

Example 125 (Production of compound 126) 

[0613] To 7-[4-(2-ethoxyethoxy)-3,5-dimethylphenoxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine^-carboxylic acid 
(0.25 g) dissolved in THF (5 ml) were added under ice cooling thionyl chloride (0.08 ml) and DMF (a catalytic amount), 
and the resulting mixture was stirred at room temperature for 1 .5 hours. After evaporation under reduced pressure to 
remove the solvent, the residue dissolved in THF (1 0 ml) was added dropwise to a solution of 4-[N-methyl-N-(tetrahydro- 
2H-pyran-4-yl)aminomethyl]aniline (0.14 g) and triethylamine (0.4 ml) in THF (5 ml) under ice cooling. The resulting 
mixture was stirred overnight under a nitrogen atmosphere at room temperature. The reaction mixture was evaporated 
under reduced pressure to remove the solvent, was mixed with water and was extracted with ethyl acetate. The organic 
layer was washed with water and an aqueous saturated solution of sodium chloride, and was dried with anhydrous 
magnesium sulfate. The resulting organic layer was evaporated under reduced pressure to remove the solvent, and 
the residue was subjected to purification using silica gel column chromatography (ethyl acetate/methanol/triethylamine) 
to obtain crude crystals. The crude crystals were recrystallized from ethyl acetate/hexane to obtain 7-[4-(2-ethox- 
yethoxy)-3,5-dimethylphenoxy]-N-[4-[[N-mem^ 

hydro-1-benzothiepine-4-carboxamide (compound 126) (0.28 g) as colorless crystals. 
M. p. 111-113°C 
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1 H-NMR (6 ppm, CDCI3) 1.26 (3H, t, J = 6.9 Hz), 1.63-1.74 (4H, m), 2.20 (3H. s), 2.30 (6H, s) t 2.50-2.71 (1H, 
m), 3.11 (2H, t, J = 6.8 Hz), 3.37 (2H, dt, J = 3.0, 11.0 Hz), 3.57 (2H t s), 3.60-3.80 (6H, m), 3.94-4.06 (4H, m), 6.72 
(2H, s), 6.93 (1 H, d, J = 2.4 Hz), 7.02 (1 H, dd, J = 2.4, 8.4 Hz), 7.1 6 (1 H, s), 7.31 (2H, d, J = 8.6 Hz), 7.51 (2H, d, J = 
8.6 Hz), 7.72 (1 H, s), 8.09 (1 H, d, J = 8.8 Hz). 
5 |R (KBr) v: 2934, 2849, 1669, 1597, 1564, 1520 crrr 1 . 

[0614] Anal. Calcd. for CagH^NgC^S: C, 66.64; H, 6.84; N, 4.32. Found: C, 66.52; H, 6.87; N, 4.10. 

Reference Example 179 

10 [061 5] A suspension of magnesium (0.37 g) In THF (5 ml) was stirred under a nitrogen atmosphere, and thereto was 
then added dibromoethane (a catalytic amount) and was subsequently added dropwlse a solution of 1-bromo- 
4-(3-ethoxypropyl)benzene (3.4 g) in anhydrous THF (30 ml). The resulting mixture was heated at 50°C for 1 .5 hours 
and was then cooled to -78 e C, and thereto was added dropwise trimethyl borate (3.1 ml). The reaction mixture was 
brought back to the room temperature and was stirred overnight. The reaction mixture was mixed with 1 N hydrochloric 

15 acid, was concentrated and was extracted with ethyl acetate. The organic layer was washed with water and an aqueous 
saturated solution of sodium chloride, and was dried with anhydrous magnesium sulfate. The resulting organic layer 
was evaporated under reduced pressure to remove the solvent, and the residue was purified by silica gel chromatog- 
raphy (ethyl acetate/triethylamine) to obtain 4-(3-ethoxypropyl)phenylboric acid (1.25 g) as a light yellow, oily sub- 
stance. 

20 1 H-NMR (8 ppm, CDCI 3 ) 1 .23 (3H, t, J = 7.0 Hz)i 1 .90-2.00 (2H, m), 2.79 (2H, t, J = 7.7 Hz), 3.42-3.55 (4H, m), 

7.34 (2H, d, J = 7.6 Hz), 8.16 (2H, d, J = 7.6 Hz). 

Reference Example 180 

25 [061 6] To methyl 7-hydroxy-1 , 1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (0.4 g), 4-(3-ethoxypropyl)phenyl- 
boric acid (0.65 g), cupric acetate (0.27 g) and molecular sieves 4A (0.8 g) suspended in dichloromethane (15 ml) was 
added triethylamine (1 .0 ml), and the resulting mixture was stirred overnight at room temperature. The reaction mixture 
was filtered through celite, and the filtrate was evaporated to remove the solvent. The residue was purified by silica 
gel column chromatography (ethyl acetate/hexane) to obtain methyl 7-[4-(3-ethoxypropyl)phenoxy]-1,1-dioxo-2,3-di- 

30 hydro-1 -benzothiepine-4-carboxylate (0.28 g) as colorless crystals. 
M. p. 93-94°C 

1 H-NMR (5 ppm, CDCI3) 1 .23 (3H, t, J = 6.9 Hz), 1 .85-1 .99 (2H, m), 2.73 (2H, t, J = 7.7 Hz), 3.08 (2H, t, J = 6.6 
Hz), 3.43-3.66 (6H, m), 3.84 (3H, s), 6.97-7.05 (4H, m), 7.25 (2H, d, J = 8.4 Hz), 7.71 (1H, s), 8.09 (1H, d, J = 9.6 Hz). 
IR (KBr) v: 2975, 2949, 2865, 1 71 3 cnrr 1 . 

35 

Reference Example 181 

[0617] To methyl 7-[4-(3-ethoxypropyl)phenoxy]-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (0.28 g) dis- 
solved methanol (5 ml) and THF (10 ml) was added a 1 N aqueous solution of sodium hydroxide (0.6 ml), and the 

40 resulting mixture was stirred at 70°C for 5 hours. The reaction mixture was concentrated, was then neutralized with 1 
N hydrochloric acid and was extracted with ethyl acetate. The organic layer was washed with water and an aqueous 
saturated solution of sodium chloride, and was dried with anhydrous magnesium sulfate. The resulting organic layer 
was evaporated under reduced pressure to remove the solvent to obtain 7-[4-(3-ethoxypropyl)phenoxy]-1 ,1-dioxo- 
2,3-dihydro-1-benzothiepine-4-carboxylic acid (0.12 g) as colorless crystals. 

45 1H-NMR (5 ppm, CDCI 3 ) 1 .23 (3H f t, J = 7.2 Hz), 1 .85-1 .99 (2H, m), 2.73 (2H, t, J = 7.9 Hz), 3.09 (2H, t, J = 6.6 

Hz), 3.43-3.56 (4H, m), 3.64 (2H, t, J = 6.8 Hz), 6.96-7.05 (4H, m), 7.23-7.26 (2H, m), 7.81 (1H, s), 8.10 (1H, d, J = 
9.6 Hz). 

IR (KBr) v: 2975, 2934, 2870, 1713 crrr 1 . 

50 Reference Example 1 82 

[0618] To 60% sodium hydride (4.4 g) suspended in DMF (50 ml) was added dropwise under ice cooling a solution 
of 4-bromo-2,6-dimethylphenol (20 g) in DMF (100 ml). After stirring at room temperature for 2 hours under a nitrogen 
atmosphere, bromoethyl ethyl ether (1 2.3 ml) and sodium iodide (1 6.4 g) were added thereto, and the resulting mixture 
55 was heated overnight at 75°C. The reaction mixture was poured into water and was extracted with ethyl acetate. The 
organic layer was washed with water and an aqueous saturated solution of sodium chloride, and was dried with anhy- 
drous magnesium sulfate. The resulting organic layer was evaporated under reduced pressure to remove the solvent, 
and the residue was purified by silica gel chromatography (ethyl acetate/hexane) to obtain 5-brorno-2-(2-ethoxyethoxy)- 



129 



EP1 182 195 A1 

1 ,3-dimethylbenzene (24.1 g) as a colorless oil. 

1 H-NMR (8 ppm, CDCI 3 ) 1 .25 (3H, t, J = 7.0 Hz), 2.26 (6H, s), 3.60 (2H,q, J = 7.0 Hz), 3.72-3.77 (2H, m). 3.88-3 93 
(2H, m), 7.13 (2H,s). 

IR (neat) v: 2975, 2926, 2870, 1472 cm-\ 

Reference Example 183 

[0619] A suspension of magnesium (2.36 g) in THF (1 00 ml) was stirred under a nitrogen atmosphere, and thereto 
was added dibromoethane (a catalytic amount) and was subsequently added dropwise a solution of 5-bromo-2-(2-ethox- 
yethoxy)-1 ,3-dimethylbenzene (24.1 g) in anhydrous THF (1 00 ml). The resulting mixture was heated at 55°C for 2.5 
hours and was then cooled to -78°C, and thereto was added dropwise trimethyl borate (19.8 ml). The reaction mixture 
was brought back to the room temperature and was stirred overnight. The reaction mixture was mixed with 1 N hydro- 
chloric acid, was concentrated and was extracted with ethyl acetate. The organic layer was washed with water and an 
aqueous saturated solution of sodium chloride, and was dried with anhydrous magnesium sulfate. The resulting organic 
layer was evaporated under reduced pressure to remove the solvent to obtain 4-(2-ethoxyethoxy)-3,5-dimethylphenyl- 
boric acid (8.4 g) as colorless crystals. 

1 H-NMR (8 ppm, CDCI3) 1 .16 (3H, t, J = 7.2 Hz), 2.21 (3H, s), 2.26 (3H, s), 3.46 (2H, q, J = 7.2 Hz), 3.65-3 69 
(2H, m), 3.85-3.90 (2H, m), 7.48 (2H, s). 

Reference Example 184 

[0620] To methyl 7-hydroxy-1 ,1-dioxo-2,3-dihydro-1-benzothiepine-4-carboxylate (0.4 g), 4-(2-ethoxyethoxy)- 
3,5-dimethylphenylboric acid (0.71 g), cupric acetate (0.27 g) and molecular sieves 4A (0.8 g) suspended in dichlo- 
romethane (15 ml) was added triethylamine (1 .0 ml), and the resulting mixture was stirred overnight at room temper- 
ature. The reaction mixture was filtered through celite, and the filtrate was evaporated to remove the solvent. The 
residue was purified by silica gel column chromatography (ethyl acetate/hexane) to obtain methyl 7-[4-(2-ethox- 
yethoxy)-3,5-dimethylphenoxyj-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate (0.39 g) as a light yellow oil 

1 H-NMR (5 ppm, CDCI 3 ) 1 .27 (3H, t, J = 7.0 Hz), 2.31 (6H, s), 3.08 (2H, t, J « 6.4 Hz), 3.58-3.68 (4H, m) 3 76-3 81 
(2H, m), 3.84 (3H, s), 3.95-4.00 (2H, m), 6.71 (2H, s), 6.99-7.04 (2H, m), 7.71 (1H, s), 8.08 (1H, d, J = 8 4 Hz) 

IR (neat) v: 2975, 2951, 2926, 2868, 1713 cm 1 . 

Reference Example 185 

[0621 ] To methyl 7-[4-(2-ethoxyethoxy)-3,5-dimethylphenoxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylate 
(0.39 g) dissolved in methanol (5 ml) and THF (10 ml) was added a 1 M aqueous solution of potassium carbonate (2.5 
ml), and the resulting mixture was stirred overnight at 70°C. The reaction mixture was concentrated, was then neutral- 
ized with 1 N hydrochloric acid and was extracted with ethyl acetate. The organic layer was washed with water and an 
aqueous saturated solution of sodium chloride, and was dried with anhydrous magnesium sulfate. The resulting organic 
layer was evaporated under reduced pressure to remove the solvent to obtain 7-[4-(2-ethoxyethoxy)-3,5-dimethylphe- 
noxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxylic acid (0.33 g) as colorless crystals 
M. p. 149-1 53°C 

1 H-NMR (8 ppm, CDCy 1 .27 (3H, t, J = 7.0 Hz), 2.31 (6H, s), 3.1 0 (2H, t, J = 6.4 Hz), 3.58-3.69 (4H, m), 3.77-3 81 
(2H, m), 3.96-4.00 (2H, m), 6.72 (2H, s), 7.02-7.06 (2H, m), 7.83 (1H, s), 8.10 (1H, d, J = 9.0 Hz) 

IR (KBr) v: 2976, 2865, 1709, 1694 cm" 1 . 
[0622] Anal. Calcd. for C 23 H 26 0 7 S: C, 61 .87; H, 5.87. Found: C, 61 .59; H, 5.71 . 

Industrial Applicability 

[0623] Since compounds represented by formula (1 ) or salts thereof of the present invention have a potent antago- 
nistic activity against CCR5, they may be used advantageously for the treatment of a variety of HIV infectious diseases 
in humans, for example, for the prophylaxis and the therapeutics of AIDS. 



Claims 

1 . A compound represented by formula 
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R 1 — X— W— X—Z— Z— R 2 

wherein R 1 indicates a 5- to 6-membered cyclic ring group that may be substituted, X 1 indicates a bond or a bivalent 
group, in which the number of atoms constituting the straight-chain portion is 1 to 4, W indicates a bivalent group 
that is represented by formula 




or 




(wherein each of ring A and ring B indicates a 5- to 7-membered cyclic ring group that may be substituted, each 
of E-, and E 4 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, each 
of E 2 and E 3 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, the 
sulfur atom that may be oxidized or the oxygen atom and each of a and b indicates to be a single bond or a double 
bond), X 2 indicates a bivalent group, in which the number of atoms constituting the straight-chain portion is 1 to 
4, Z 1 indicates a bond or a bivalent cyclic ring group, Z 2 indicates a bond or a bivalent cyclic ring group, in which 
the number of atoms constituting the straight-chain portion is 1 to 4, and R 2 indicates (1 ) an amino group that may 
be substituted, where the nitrogen atom may be converted into a quaternary ammonium or the N-oxide, (2) a 
nitrogen-containing, heterocyclic ring group that may be substituted and may contain the sulfur atom or the oxygen 
atom as a ring-constituting atom, where the nitrogen atom may be converted into a quaternary ammonium or the 
N-oxide, (3) a group that is bonded via the sulfur atom, (4) a group represented by formula 
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5 




(0) k 

(wherein k indicates 0 or 1 , the phosphorus atom may form a phosphonium salt when k is 0, and each of R 5 ' and 
R 6 ' indicates the hydrocarbon atom that may be substituted, the hydroxyl group that may be substituted or an 
amino group that may be substituted, and R 5 ' and R 6 ' may bind each other to form a cyclic ring group together 
with the adjacent phosphorus atom), (5) an amidino group that may be substituted or (6) a guanidino group that 
may be substituted; provided that, when a group represented by formula R^-W-X^-Z 2 - indicates a group 
represented by formula 



20 



25 



-W- 



-c- 
II 

0 



NH- 



(wherein H • indicates the same meaning as described above, W indicates a bivalent group represented by formula 



30 




or 




35 



40 



(wherein ring A' indicates a 5- to 6-membered aromatic ring that may be substituted, X indicates the carbon atom 
that may be substituted, the nitrogen atom that may be substituted, the sulfur atom or the oxygen atom and ring 
B' indicates a 5- to 7-membered ring that may be substituted) and Z indicates a bivalent group, in which the number 
of atoms constituting the straight-chain portion is 1 to 4, R* indicates an amidino group that may be substituted or 
a guanidino group that may be substituted; when a group represented by formula R 1 00-W-X2-Z 1 -Z2- indicates a 
group represented by formula 



45 




(wherein R 1 and X 1 indicate the same meanings as described above, ring A" indicates a benzene ring that may 
be substituted, Q 1 indicates a bivalent group, in which ring B" forms a 5- to 7-membered ring, Q2 indicates the 
hydrogen atom, a hydrocarbon group that may be substituted, a heterocyclic ring group that may be substituted 
and Q 3 indicates a bond or a bivalent group), R2 does not indicate a group represented by formula 
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R 5 " 

) 

(wherein each of R 5 ' and R 6 ' indicates the hydroxyl group that may be substituted, and R 5 ' and R 6 " may bind each 
10 other to form a cyclic ring group together with the adjacent phosphorus atom); or salts thereof. 

2. A prodrug of the compound or salt thereof as claimed in Claim 1 . 

3. The compound as claimed in Claim 1 , wherein R 1 is a group that is formed by removing one hydrogen atom from 
is benzene, furan, thiophene, pyridine, cyclopentane, cyclohexane, pyrrolidine, piperidine, piperazine, morpholine, 

thiomorpholine ortetrahydrofuran, each of which may be substituted. 

4. The compound as claimed in Claim 1 , wherein R 1 is a phenyl that may be substituted. 

20 5. The compound as claimed in Claim 1 , wherein X 1 is a bond, -(CH 2 ) a - (wherein a' indicates an integer of 1 to 4), 
-(CH 2 ) b -X 3 - (wherein b' indicates an integer of 0 to 3 and X 3 indicates an imino group that may be substituted, the 
carbonyl group, the oxygen atom or the sulfur atom that may be oxidized), -CH=CH-, -C^C-, -CO-NH- or -S0 2 -NH-. 



6. The compound as claimed in Claim 1 , wherein X 1 is a bond. 

7. The compound as claimed in Claim 1 , wherein X 1 is -(CH 2 ) b ,-X 3 - (wherein b 1 indicates an integer of 0 to 3, and X 3 
indicates an imino group that may be substituted, the carbonyl group, the oxygen atom or the sulfur atom that may 
be oxidized). 

30 8. The compound as claimed in Claim 1 , wherein ring A is furan, thiophene, pyrrole, pyridine, pyran or benzene, each 
of which may be substituted. 

9. The compound as claimed in Claim 1 , wherein ring A is a benzene that may be substituted. 

35 10. The compound as claimed in Claim 1 ,-wherein ring B is a 5- to 7-membered ring that may be substituted at a 
substitutable optional position, which is represented by formula 



40 



45 



wherein E 3 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, E 4 
so indicates the carbon atom that may be substituted or the nitrogen atom, b indicates a single bond or a double bond 

and Y indicates -Y'-(CH 2 ) m .- (Y 1 indicates -S(0) m - (m indicates an integer of 0 to 2), -O-, -NH- or -CH 2 -, and m' 
indicates an integer of 0 to 2), -CH=, -CH=CH- or -N=CH-). 

1 1 . The compound as claimed in Claim 1 0, wherein Y indicates -Y'-(CH 2 ) 2 - (Y 1 indicates -S(0) m - (m indicates an integer 
55 of 0 to 2), -O-, -NH- or -CH 2 -). 

12. The compound as claimed in Claim 1 , wherein E 3 indicates the carbon atom that may be substituted, E 4 indicates 
the carbon atom that may be substituted and b indicates a double bond. 
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13. The compound as claimed in Claim 1, wherein X 2 is -(CHg)^ (a' indicates an integer of 1 to 4),-(CH 2 ) b --X 3 - (b' 
indicates an integer of 0 to 3, and X 3 indicates an imino group that may be substituted, the carbonyl group, the 
oxygen atom or the sulfur atom that may be oxidized), -CH=CH-, -C^c-, -CO-NH- or -S0 2 -NH-. 

14. The compound as claimed in Claim 1 , wherein X 2 is -CO-NH-. 

15. The compound as claimed in Claim 1 , wherein Z 1 is (1) a bond or (2) a bivalent cyclic ring group that is formed by 
removing two hydrogen atoms from benzene, furan, thiophene, pyridine, cyclopentane, cyclohexane, pyrrolidine, 
piperidine, piperazine, morpholine, thiomorpholine or tetrahydropyran, each of which may be substituted. 

16. The compound as claimed in Claim 1 , wherein Z 1 is (1 ) a bond or (2) a bivalent cyclic ring group that is formed by 
removing two hydrogen atoms from benzene, cyclohexane or piperidine, each of which may be substituted. 

17. The compound as claimed in Claim 1 , wherein Z 1 is a phenylene that may be substituted. 

18. The compound as claimed in Claim 1 , wherein Z 2 is a bond or a 0^ 3 alkylene that may be substituted. 

19. The compound as claimed in Claim 1 , wherein Z 2 is a bivalent group that has a skeleton represented by-Z'-(CH 2 ) 
n- (Z' indicates -CH(OH)-, -C(O)- or -CH 2 -, and n indicates an integer of 0 to 2) and may have a sub-stituent at an 
optional methylene group. 

20. The compound as claimed in Claim 1 , wherein Z 2 is a bond or a methylene. 

21. The compound as claimed in Claim 1 , wherein Z 1 is a 6-membered, bicyclic ring group, and Z 2 is substituted at 
the para position of X 2 . 

22. The compound as claimed in Claim 1 , wherein R 2 is (1 ) an amino group that may be substituted, where the nitrogen 
atom may be converted into a quaternary ammonium or the N-oxide, (2) a nitrogen-containing, heterocyclic ring 
group that may be substituted and may contain the sulfur atom or the oxygen atom as a ring-constituting atom, 
where the nitrogen atom may be converted into a quaternary ammonium or the N-oxide, (3) an amidino group that 
may be substituted or (4) a guanidino group that may be substituted. 

23. The compound as claimed in Claim 1 , wherein R 2 is an amino group that may be substituted. 

24. The compound as claimed in Claim 1, wherein R 2 is an amidino group that may be substituted or a guanidino 
group that may be substituted. 

25. N-[4-[N-Methyl-N-(tetrahyd ethoxyH ,1 -dioxo-2,3-dihy- 
dro-1 -benzothiepine-4-carboxamide, N-[4-^ 

benzyI)oxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide, N-[4-[N-methyl-N-(tetrahydropyran-4-yl)ami- 
nomethyl]phenyl]-7-[(2-propoxybenzyl)oxy]-1 ,1 -dioxo-2.3-dihydro-1 -benzothiepine-4-carboxamide, N-[4-[N-me- 
thyl-N-(tetrahydropyran-4-yl)aminom 

thiepine-4-carboxamide, N-[4-[N-methyl-N-(tetrahydropyran-4-yl)aminomethyl]phenyQ-7-[(4-propoxyethoxyphe- 
nyl)methoxy]-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide, N-[4-[N-methyl-N-(tetrahydropyran-4-yl) 
aminomethyl]pheny0-7-[3-(4-propoxyphenyl)propoxy3-1 ,1 -dioxo-2,3-dihydro-1 -benzothiepine-4-carboxamide, or 
salts thereof. 

26. Prodrug of the compound or salt thereof as claimed in Claim 25. 

27. A pharmaceutical composition comprising the compound or salt thereof as claimed in Claim 1 . 

28. A pharmaceutical composition for CCR antagonism comprising a compound represented by formula 



R— X— W— X— Z— Z— R 2 
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wherein R 1 indicates a 5- to 6-membered cyclic ring group that may be substituted, X 1 indicates a bond or a bivalent 
group, in which the number of atoms constituting the straight-chain portion is 1 to 4, W indicates a bivalent group 
that is represented by formula 

5 



10 



15 



20 



30 




35 

(wherein each of ring A and ring B indicates a 5- to 7-membered cyclic ring group that may be substituted, each 
of and E 4 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, each 
of E 2 and E 3 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, the 
sulfur atom that may be oxidized or the oxygen atom and each of a and b indicates to be a single bond or a double 

40 bond), X 2 indicates a bivalent group, in which the number of atoms constituting the straight-chain portion is 1 to 

4, Z 1 indicates a bond or a bivalent cyclic ring group, Z 2 indicates a bond or a bivalent cyclic ring group, in which 
the number of atoms constituting the straight-chain portion is 1 to 4, and R 2 indicates (1) an amino group that may 
be substituted, where the nitrogen atom may be converted into a quaternary ammonium or the N-oxide, (2) a 
nitrogen-containing, heterocyclic ring group that may be substituted and may contain the sulfur atom or the oxygen 

45 atom as a ring-constituting atom, where the nitrogen atom may be converted into a quaternary ammonium or the 

N-oxide, (3) a group that bonded via the sulfur atom, (4) a group represented by formula 



50 



55 




(wherein k indicates 0 or 1 , the phosphorus atom may form a phosphonium salt when k is 0, and each of R 5 ' and 
R 6 ' indicates the hydrocarbon atom that may be substituted, the hydroxyl group that may be substituted or an 
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amino group that may be substituted and R 5 ' and R 6 * may bind each other to form a cyclic ring group together with 
the adjacent phosphorus atom), (5) an amidino group that may be substituted or (6) a guanidino group that may 
be substituted; provided that, when a group represented by formula R 1 -X 1 -W-X 2 -Z 1 -Z2- indicates a group repre- 
sented by formula 



R — W 1 — c NH 

II 
0 

(wherein R 1 indicates the same meaning as described above, W* Indicates a bivalent group represented by formula 



20 




25 (wherein ring A* indicates a 5- to 6-membered aromatic ring that may be substituted, X indicates the carbon atom 

that may be substituted, the nitrogen atom thai may be substituted, me suifui aiuni ur Liie uxygen alum and ring 
B' indicates a 5- to 7-membered ring that may be substituted) and Z indicates a bivalent group, in which the number 
of atoms constituting the straight-chain portion is 1 to 4), R 2 indicates an amidino group that may be substituted 
or a guanidino group that may be substituted; or a salt thereof. 

30 

29. The composition as claimed in Claim 28 which is a prophylactic/therapeutic agent of HIV infectious diseases. 

30. The composition as claimed in Claim 28 which is a prophylactic/therapeutic agent of AIDS. 

35 31. The composition as claimed in Claim 28 which is a depressant against the pathologic progress of AIDS. 

32. The composition as claimed in Claim 29 which is in combination with a protease inhibitor and/or a reverse tran- 
scriptase inhibitor. 

33. The composition as claimed in Claim 32, wherein the reverse transcriptase inhibitor is zidovudine, didanosine, 
zalcitabine, iamivudine, stavudine, nevirapine, delavirdine, efavirenz or abacavir. 

34. The composition as claimed in Claim 32, wherein the protease inhibitor is saquinavir, ritonavir, indinavir, amprenavir 
or netfinavir. 

45 

35. Use of a compound represented by formula 



R— X— W — X— Z— Z— R 2 

wherein R 1 indicates a 5- to 6-membered cyclic ring group that may be substituted, X 1 indicates a bond or a bivalent 
group, in which the number of atoms constituting the straight-chain portion is 1 to 4, W indicates a bivalent group 
that is represented by formula 
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so (wherein each of ring A and ring B indicates a 5- to 7-membered cyclic ring group that may be substituted, each 

of E 1 and E 4 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, each 
of E 2 and E 3 indicates the carbon atom that may be substituted or the nitrogen atom that may be substituted, the 
sulfur atom that may be oxidized or the oxygen atom and each of a and b indicates to be a single bond or a double 
bond), X 2 indicates a bivalent group, in which the number of atoms constituting the straight-chain portion is 1 to 

35 4, Z 1 indicates a bond or a bivalent cyclic ring group, Z 2 indicates a bond or a bivalent cyclic ring group, in which 

the number of atoms constituting the straight-chain portion is 1 to 4, and R 2 indicates (1 ) an amino group that may 
be substituted, where the nitrogen atom may be converted into a quaternary ammonium or the N-oxide, (2) a 
nitrogen-containing, heterocyclic ring group that may be substituted and may contain the sulfur atom or the oxygen 
atom as a ring-constituting atom, where the nitrogen atom may be converted into a quaternary ammonium or the 

40 N-oxide, (3) a group that bonded via the sulfur atom, (4) a group represented by formula 



45 




50 

(wherein k indicates 0 or 1 , the phosphorus atom may form a phosphonium salt when k is 0, and each of R 5 ' and 
R 6 ' indicates the hydrocarbon atom that may be substituted, the hydroxyl group that may be substituted or an 
amino group that may be substituted and R 5 ' and R 6, may bind each other to form a cyclic ring group together with 
the adjacent phosphorus atom), (5) an amidino group that may be substituted or (6) a guanidino group that may 
55 be substituted; provided that, when a group represented by formula R 1 -X 1 -W-X2-Z 1 -Z2- indicates a group repre- 

sented by formula 
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R — W- — C NH 

II 
0 

(wherein R 1 indicates the same meaning as described above, W indicates a bivalent group represented by formula 



15 




(wherein ring A' indicates a 5- to 6-membered aromatic ring that may be substituted, X indicates the carbon atom 
that may be substituted, the nitrogen atom that may be substituted, the sulfur atom or the oxygen atom and ring 
B' indicates a 5- to 7-membered ring that may be substituted) and Z indicates a bivalent group, in which the number 
of atoms constituting the straight-chain portion is 1 to 4), R 2 indicates an amidino group that may be substituted 
or a guanidino group that may be substituted; or a salt thereof, together with a protease inhibitor and/or a reverse 
transcriptase inhibitor, for preventing and/or treating HIV infectious diseases. 

36. A method for antagonizing CCR comprising administrating an effective amount of the compound or a salt thereof 
as claimed in Claim 28 to the mammals. 

37. Use of the compound or salt thereof as claimed in Claim 28 for manufacturing a medicine for CCR antagonism. 

30 
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1 . Q As all required additional search fees were timely paid by the applicant, this international search report covers ail searchable 

claims. 

2. Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional tee. 

3. Q As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. L) No required additional search fees were timely paid by the applicant Consequently, this international 
search report is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest Q The additional search fees were accompanied by the applicant's protest. 

I | No protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 (continuation of first sheet (I)) (July 1992) ~ 
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